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Willst (111 ins Uilii^liclio ScHreiten 
Geh^nur im EncUiclien nacb alien Scitcn. 

Willst da dich am GanzoB erquicken? 
So musst du das Gaozo im Klcinstcn orblickcn. 

Goethe's Sprddie, 

The teacher need make no apology for adding another to 
the list of text-books, if ho supplies what he bolie'\cs, riglitly 
or wrongly, to be a want, if he docs his work conscientiously, 
and if he is content to abide by tho verdict which natural 
selection will niake abundantly clear to himself and his 
publisher. 

I have endeavoured to give greater continuity to tho 
Geological argument than is usual in books on Physical 
Geography, and in doing so it has been necessary to intro- 
duce topics which are still under discussion. Had space 
permitted I should have done so to a larger extent, knowing 
by experience that students learn more from careful analyses 
of current controversies than from the safer but less inte- 
resting lectui-es which are confined to the recapitulation of 
" generally accoptefl concluflionR." 

Every teacher can devise questions on each chapter for 
himself, but the private student will derive much assistance 
from tho "Two Thousand Questions on Physical Geogi-aphy," 
by Professor Ansted. By thoir aid ho will be able, not 
merely to test his own progress, but to acquire the art of 
answering questions, which, apart from its s|)ecial value in 
this age of examinations, is an admirable training in the art 
of studying. 

I am gi'eatly indebted to Mr. James Macaulay, of St. 
Stephen's School, Glasgow, for important assistance and valu- 
able advice in tho />rejiamtion of this booV. To \L\xa.\ wft. 



indebted for the comparative Table of Centigi-ade and 
FalirenLeit Degrees. 

My former colleagues on the Geological Survey, esj>ccially 
Professor Gcikie, Mr. James Geikie, and Mr. Wliitaker, 
will find that I have borrowed largely from their conversa- 
tions, and from their published papers. I trust they will 
forgive mo for thus laying them under contribution, if I 
have succeeded in fairly representing their views. 

To Professor A. C. Eamsay, Director General of tho 
Geological Survey, I am under obligations which the fre- 
quent refei'ences to him do not exhaust, and I should havo 
asked permission to dedicate this volume to him but that the 
association of his name might have been misconstrued into 
an unauthorised guarantee for a mere text- book. He has, 
by his writings and his personal influence, done more than 
any living Geologist to establish the connection, rather the 
identity of Geology and Physical Geography, which I have 
tiled to make clear. In his and Professor Huxley's contri- 
butions to the Proceedings of the Geological Society, tho 
futuix) historian of Geology will recognise the convergence 
of the geological and zoological lines of investigation. The 
reconciliation of the physical investigations which Hutton 
initiated, with the zoological enquiries to which Cuvicr's 
name gave for many years undue weight, is not yet complete; 
but Professor Ramsay has pointed out the way from the geo- 
logical side. I shall havo earned my reward if this volumo 
is found to be entitled to a share in tho work which he has 
done so much to advance. 

John Young. 
University op Glasgow, 
Hovember 1873. 
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PHYSICAL GEOGRAPHY, 



INTRODUCTION. 



Physical Geography is the history of the Earth, its past 
and present, interpreted by the light of Astronomy, Geology, 
and Biology. It is not a mere description of the features of 
sea and land, for these, as we now see them, are only one 
phase in a series of events of which we do not know the 
beginning, nor can we foretell the end. The enumeration, 
however accurate and exhaustive, of the movements of Ocean 
and Atmosphere is comparatively useless, unless wo can arrive 
at some general principle to which these are subortlinated. 
Nor is it enough to know the plants and animals which 
occupy the various regions of land and water : we must seek 
for the explanation of their diversity, and ascertain if the 
distribution of organised beings in the past throws any light 
on their relations in the present. 

Physical Geography is, to adopt the^ elegant figure of M. 
Guyot, the anatomy and physiology of the eartL Geology 
deals with the anatomical problem, what are the materials of 
which the earth's crust is>composed, and aj)poals to chemistry 
and physics for aid in elucidating the details of the processed 
by which these materials come to exhibit their present 
arrangement ; it illustrates, by phenomena going on around 
us, the agencies by which the surface configuration has been 
modified from time to time ; but with this purely anatomical 
investigation its labours end. It is a part of the. duty of the 
zoologist and botanist to determine, by reference to their 
comparative structure, the animals or plants which now an4 
in the pe«t have lived on the earth, and to f^oxx^ \k^\S!L^ %9^ 
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to exhibit their affinities. Pakeontology is a subordinate 
•section of zoology and botany ; as a science it has no place, 
since the task of enumerating the species which formerly, 
lived and the localities in which they occurred leads to no 
result if separated from the study of living forms, just as these 
are meaningless without reference to the past. Astronomy 
informs us of the behaviour of the earth as a body in space, 
and of the influences exerted on its mass by other bodies. 
But the bearing of these influences on the structure and 
features of the earth's crust, and on the distribution of 
oi^nised beings over its surface, it is no part of the 
astronomer's duty to discuss. 

Physical Geography takes up the results achieved in all 
these departments and proceeds to higher generalisations. It 
shows how the behaviour of the earth as a body in space, and 
its relations to other bodies determine the atmospheric 
currents, and, through them, the movements of the ocean; it 
points out how these ocean currents modify, and are affected 
by the tides ; it determines the extent to which the character 
and variation of climate are dependent on secular changes. 
The changes of sea and land, as ascertained by the geologist, 
are used to explain the movements of organised forms, and 
the biologist finds in atmospheric, topographical, and climatal 
influences the key to the presence or absence, the abund- 
ance or scarcity, of particular groups in any locality. Nor is 
man himself excluded from this wide field of research : the 
influence of external conditions on his migration and his 
development is an important investigation, on which depends 
our judgment as to his prospects in any region, while our 
contemplation of his history would be incomplete without the 
light which physical influences shed on his moral develop- 
ment and actions. 

Thus the earliest inhabitants of western Europe of whom 
we have knowledge were confined to the river valleys, the 
rigorous climate of the northern hemisphere at that early 
time restricting their movements, and making them the fellow- 
citizens of the elk, reindeer, and other forms whose proper 
home is in northern regions. The climate, whose severity 
rendered Europe so widely diflerent from what it is now, was 
the indirect result of the greater distance of the earth from the 
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sun at that time, and, as in consequence of further secular 
cliange, the climate improved, arctic animals retreated to 
their homes, and man was enabled to spread over a lai^r 
area, and to occupy it more completely, while the land con- 
nection of Britain with Europe allowed him to reach the 
extreme west Without following his history in detail, suffice 
it that the subsequent isolation of Britain, and the separa- 
tion of Ireland, cutting off the inhabitants from the good 
and evil effects of contact with the men of the continent, 
permitted the nninterrupted development of a relatively 
high civilisation in Irehmd at an early period, though the 
very fact of this isolation led to its arrest at a certain point, 
and to its easy overthrow when greater facilities of transport 
brought invaders of inferior cultivation. But long before 
the human period the British area had acquired the general 
features it now presents, and the hills and plains offered a 
great variety of surface and capability. The tribes, isolated 
by these irregularities, and by ^e thick forests and swamps 
which then covered large tracts, unable to deal success- 
fully with the unproductive soil which the glacial period had 
left as a legacy to the northern part of the island, developed 
the character common to all the inhabitants of mountainous 
and detached regions. Tribal warfare went on, and slowly 
were the earUer occupants driven by fresh invasions on tliHS 
east coast to the recesses of the hills, where they remained 
as a disturbing element, effectually retarding the progress of 
the peaceful arts, though these advanced somewhat in the 
richer eastern low grounds. Soon the geographical structure 
of the country bore fruit; the abundant minerals of the 
palseozoic rocks gave Britain advantages over its less richly 
endowed neighbours, while the necessities of their position 
maintained that maritime spirit among the people which, at 
first of use only for war and plunder, afterwards gave Britain 
its pre-eminence in commerce. The climate gradually became 
milder, and the progress of agriculture %till farther improved 
it by drainage and the diminution of the forest lands, while 
the x^osition of the islands in the northern seas, at the meet- 
ing point of the faunas of several marine zoological provinces, 
added to the supply of food, and tempted men to fk «fiar 
faring life. Thus the greatness of Britain, V\xq 0:^T%.^\a'c ^\ 
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her inliabitants, even the nature of her political institutions 
have been to a large extent dependent on events long 
anterior to the advent of man. Similar illustrations might 
be drawn from the history of other countries, but few furnish 
a similarly connected and simple narrative. 



It is impossible witliin the compass of a volume such as 
this to do more than touch incidentally on the leading 
generalizations wliich aix) now regarded as sufficiently estab- 
lished to be safely put before the student. It is necessary to 
give a brief summary of the principal astronomical facts 
which must be borne in mind in the investigation of currents, 
climates, and seasons, and to state as concisely as possible 
those geological processes, the operation and results of which 
will be considered in the immediately succeeding chapters. 
Geology and Physical Greography are so intimately associated 
that it seems unfortunate that both terms should be retained. 
The dismemberment of one science was useful in those earlier 
days when, there being no recognised past in the material 
world with which at least man had any concern, the history 
of the earth was simiraed up in mineralogy and preconcep- 
tions, but the dismemberment is now arbitrary and mis 
leading. 



CHAPTER L 
SECTION I. 

The Eartli: its Dimensions — Equatorial Protuberance — Axis of Rota- 
tion: Limits of its Oscillation — Ecliptic: Influence of its Obliquity 
on the Distribution of Light and Heat — Mass and Density of 
the Earth — Opinions as to Internal Fluidity; Underground 
Temperature ; Secular Cooling — Eccentricity of the Earth's 
Orbit; Limit of Variation — Precession of the Equinoxes — Dis- 
turbing Influence of Planets — The Moon : its Distance ; ita 
Mass.. 

The Earth is one of the planetary bodies which, revolving 
round the Sun as a centre, make up the Solar system. The 
size of these bodies is unequal, and some of them are only 
secondarily related to the Sun as a cenlre, since they revolvo 
as satellites around other bodies. 

1. BimenBions of the Earth. — The mean diameter of 
the earth is 7912 miles, the equatorial or larger diameter 
being 7925*6 miles, and the polar 7899*1. The difference 
between these dimensions, 2G*5 miles, represents the amount 
of polar compi*ession which gives to the globe the figure 
of an oblate spheroid. Nor is this the only inequality, 
since it is asserted that the equatorial diametera do not 
aH agree, a difference even to tlie extent of a mile exist- 
ing between some of them. Wo may compare the equa- 
torial protuberance to a layer laid on a sphere, so that 
we have around that region of the earth a mountain mass, 
80 to speak, with slowly sloping sides. On the assump- 
tion of the former plasticity of the earth's mass, the oblate 
spheroidal form is tliat which a sphere, revolving on its own 
axis, would naturally assume. It has been suggested that 
the tapering of continents southward was connected with 
the rotation form of the earth's massj \>\xt, m^^ ^xv^'^^ms^^ 
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there is no reason to believe that the earth now alters its 
form otherwise than by the modification of the surface 
effected by denudation and local subterranean movements; 
in the second place, the attenuation commences to the north 
of the equator, and some of the pyramids, in place of tending 
away from, tend towards tlie equator; and thirdly, marine 
sedimentaiy deposits prove that at one peiiod more or less 
of the region of most rapid rotation was itself the seat 
of an ocean. The stability of the axis of the earth is a 
necessary consequence of the equatorial protuberance, since 
any disturbing force which would be sufiicient to shift the 
oxis of rotation, must be very powerful to overcome the 
obstacle provided by this great mass. Hence, any departure 
from the normal position of the polar axis is within veiy 
narrow limits; and, in point of fajctj there is a constant 
oscillation in the endeavour to restore equilibrium. The 
inclination of the polar axis to the plane of the earth's orbit, 
that is, to the ecliptic, is 23^^, but it is known that this 
is diminishing at the rate of 48'^ in the century; and, after 
attaining its maximum, will move in the opposite direction^ 
the range of variation being 1° 21'. 

si. Distribution ot Light and Heat — ^As a consequence 
of this obliquity the earth in its movements round the sun 
receives heat alternately to the north and to the south 
of the equator ; so that, in place of an equatorial band 
of warmth and two polar zones of constant and extreme 
cold, we have alternations of temperature and more equal 
distribution of light ; for, if the sun were always vei-ticaJ to 
the equatoiial area, a considerable tract of the arctic and 
antarctic circles would be in deep twilight, and the duration 
of day and night would be equal all over the rest of the 
globe. This distribution of light and heat equally over the 
north and south hemispheres promotes equilibrium in all 
other respects. As we shall afterwards find, the movements 
of the atmosphere and of the ocean are, doubtless, powerfully 
affected by the rotation of the earth, but are chiefly deter- 
mined by the physical features of the land. 

' 8. Mass and Density of the Earth. — ^The mass of the 
earth is about 259,801 millions of cubic miles, and the 
speciBc gra-vity has been determined by experiments to be 
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from 5 to 5*67, the extreme amount having heen observed 
by Airy who, from experiments at the mouth and bottom of 
a ooal pit, estimated it at 6*56. Intimately associated with 
the estimate of the density of the mass is the question of ita 
internal condition. 

4. Internal Fluidity. — ^Different views are entertained 
at the present time as to the existence or not of a central 
fluid mass, and the observations upon which is based 
the inference that there must exist such a fluid core are, 
that at 2151 feet the temperature is 75°F. (24°0.), that 
of a stratum at 17 feet h&ng constantly 5VF, (10-5*'C.). 
In Cornwall 32*5^0. have been recorded at a depth of 1200 
feet, and the borings at Creuzot show that there is an in- 
crease of temperature by VF, for every 55 feet of descent, 
but after 1800 feet have been reached the increase is F in 
44 feet. The existence of hot springs, issuing from vaults 
which extend to very considerable depths, likewise point to 
the conclusion that a very high temperature exists some 
distance beneath the surface ; and the outpouring of lava 
from so many orifices has hitherto always been looked upon 
as only explicable on the assumption that a great reservoir 
of molten matter imiformly underlay the crust If the 
increase of temperature goes on increasing with depth accord- 
ing to the calculations at Creuzot^ then we should expect to 
find that^ at 50 miles beneath the surface, the heat would be 
4600^F., that is considerably greater than is required to fuse 
platinum. It has been calculated that the sedimentary 
strata represent a thickness of 20 miles, and, on the assump- 
tion of a uniform increase of temperature, we should find 
that the sedimentary strata were at their deepest part 
subjected to a temperature capable of melting brass, and 
probably not far short of that at which gold is melted > so 
that a veiy short distance comparatively beneath the crust 
would bring us to a region in which every known substance 
would be in the fluid condition* But it is unknown how far 
increase of pressure has to do with the keeping matter in a 
solid condition even at very great temperatures, and, at the 
tame time, when it is remembered that the specific gravity of 
the earth is estimated at 5 or 6, while none of the con- 
stituents of the earth's crust have a Klgltiex vgecsfi^^ ^gcANM^'^ 
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than 3, it is obvious that pressure and heat have opposite 
tendencies, and that the influence of pressure is greater than 
that of heat ; for, wliile the compressed rocks would give a 
specilic gravity very much higher than that of the earth's 
mass, the exjmnsion consequent ui^on the existence of heat 
in their substance keeps it down to the more moderate limit. 
Sir William Thomson has investigated the question of the 
cooling of the eai'th, and looks upon the increase of tempera- 
ture fi\)m the surface downwards as proof of the constant loss 
of heat from the globe, the heat radiating into space without 
sensibly elevating the tempei'ature of the upper crust through 
which it })asses. The continuance of such a loss of heat 
involves belief in the occun-ence of a period at which the 
earth was a fluid mass, and Sir William Thomson has fixed 
that jKiriod at not less than 200 millions, nor more than 
400 millions, of years ago ; the probability being that 100 
millions of years is the limit of geological history, and that, 
prior to that time the earth's surface was unfit for^the main- 
tenance of animal or vegetable life. But he does not con- 
sider it probable that the crust Wiis formed, as is commonly 
assumed, by tlie consolidation of an outer layer : he believes 
that this outer layer did not acquire its firmness till the 
globe had become very nearly solid ; and that, as the con- 
solidation commenced from the centre and went towards the 
circumference, the last portion to be formed would be the 
external crust. He agi'ces with Mr. Hopkins in believing 
that witliin the cnist, cavities or chambers exist in which 
molten matters are found, and that it is this cavernous layer, 
separating the external crust from the solid core, wliicli is the 
source of volcanoes and their attendant phenomena, whose 
development is excited either by the breaking in of the 
roofs, or by the introduction of matter, chiefly water, from 
the exterior, or by the subsidence of the crust compressing 
the fluid matters contained in the spaces. While it is ceitain 
that the eai*th has consolidated from the fluid state, the 
vagueness of the limit above assigned has been made ground 
of objection, and it has been pointed out that there is no 
means of determining the I'ato at which radiation has taken 
place in the past, since at present the atmosphere checks 
radiation in proportion to the quantity of aqueous vapour it 
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ooniains. These and other considerations have been advanced, 
not in disproof of the statements as to the fact that there is 
a loss of temperature, but as suggesting that our knowledge 
is not yet sufficient to fix the rate of loss, still less the period 
when the globe became habitable, and when it shall cease to 
be so. The organic world does not furnish any guide to the 
solution of the problem, and this speculative question must, 
therefore, be left in the meantime. 

5l Eceentridty of the Earth's Orbit — ^The path described 

by the earth round the sun is an ellipse, of which the sun 
occupies one focus. The amoimt of eccentricity varies, so 
that, as calculated by Mr. Carrick Moore, the differenco 
between the earth's greatest and least distance from the sun 
was as given in the following table : — 

250,000 years before 1800* a.d., 4.} millions of miles. 

210,000 „ AOh „ 

200,000 „ lOi „ 

150,000 „ 6 „ 

100,000 „ 8} „ 

50,000 „ 24 

„ 8 „ 

The orbit, therefore, made its nearest approach to a circular 
form 50,000 years ago, and is now tending again towards 
greater eccentricity. 

& Precession of the Equinoxes. — ^The rotation of the 

earth on its axis gives the alternations of day and night ; 
but its revolution round the sun gives with the obliquity of 
tho axis the seasonal differences, as well as the alternation 
of these seasons in the northern and southern hemispheres. 
Twice every year in the course of its revolution the earth 
arrives at a point where the ecliptic cuts the equator, and the 
day and night are then equal all over the earth; twice every 
year the earth arrives at a point where the sun illuminates 
the northern hemisphere and the southern hemisphei'e respec- 
tively, and when the sun has attained its greatest noHhem 
limit, the summer solstice of the northern hemisphere takes 
place, the sun thereafter declining to the south, till, passing 
the equator, the summer solstice of the southern hemisphere 
is reached in its turn. If the revolutions of the earth round 
the son were performed in equal times^ the ooUtlc^^ovvld 
23 ^ 
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always occur at the same point in the orbit. But i^etardation 
make^ the earth arrive at the same point successively a littlo 
later at each revolution, and thus the solstice of the northern 
hemisphei*e, occurring at one period when the e€u*th is 
nearest the sun, or in perihelion, gradually comes round 
later and later till it coincides with the earth's greatest dis- 
tance from the sun, or aphelion. But another infliience also 
comes into play, namely, the revolution of the apsides, the 
long axis of the earth's elliptic orbit slowly changing its 
direction imder the same disturbing influences. By tho 
joint influence of precession and the revolution of the apsides, 
the period in which the earth completes this cycle is 21,000 
years : within that time the north pole will have passed 
through every intermediate position between that when its 
winter was in aphelion back again to the same point. 

7. Amount of Heat received by the Earth. — ^The total 

amount of heat received by the earth is in the inverse pro- 
poi-tion to tlie minor axis of its orbit ; a larger amount, 
therefore, is itHJoived during extreme eccentricity of the orbit 
than when it is more nearly circular. Tho obliquity of the 
ecliptic, or the inclination of the earth's axis to tho plane of 
its orbit, varies as has been said : at its maximum the polar 
regions would receive ^\- more of heat than they do at 
present, and at its minimuin the amount of heat would be 
correspondingly diminished. It is unnecessary to speak of 
the theoretical consequences of these vaiious astronomical 
conditions, since, in discussing changes of climate tho actual 
results, controlled by the physical conditions of tho eai-tli's 
surface, will be summed up. 

8. Disturbing Influences of Planets. — The disturbing 

influences alluded to above are due to the attraction of the 
planets Jupiter, Saturn, and Mars, superior planets, as they 
aro called, whoso orbits, that is to say, are external to that 
of the earth, and by Venus among the inferior planets, 
or those whoso orbits are internal to that of the earth. 

9. The Moon. — Tho moon describes an elliptic orbit, 
having the earth in one of its foci. Its mean distance from 
tlie earth is 220,000 miles, and its orbit is inclined to the 
ecliplic at an angle of 5° 8' 48", so that its altitude is greater 
and less than that of the sun at its summer and winter 
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solstices. Its mass lias been determined as -gl-j; of the 
eartli ; its bulk to be ^ of the earth, and its density *G. 
Its rotation is performed in the same time as its revolution 
round the earth, the lunar month or period of these move- 
ments being 29CL 12h. 44m. 2*87sec. The attraction excited 
bj this satellite on the earth, and especially its influence on 
the tidal phenomena, will be discuss^ in a future chapter. 

The rdiations of the other planetary bodies to the earth 
belong to the domain of astronomy, from which we borrow 
the fact thfit their attraction on the earth's mass varies with 
their proximity to or distance from it, according as theix 
elliptic orbits bring them nearer or carry them fai'ther away. 



SECTION n. 

Composition of Earth's Crust— Table of Formations — ^Interpretation 
of snch Tables— Comparative Sections in Britain — Unconformity 
^Sedimentary Formations not all Marine. 

10. Composition of Earth's Crust. — Whatever may be 
the composition of the interior of the earth, it is certain 
that its surface consists of various materials, arranged either 
in regular masses or irregularly comingled. The chemical 
substances entering into the composition of the earth's crust 
are, of course, all those which are known to the chemist, but 
the proportions in which they exist are exceedingly vaiious; 
thus calcium carbonate is almost univei^sally found, whereas 
phosphorus is comparatively rare. The quantity of each 
of the elements which enter into the composition of the 
stratified deposits, and their relative importance, are fairly 
represented by the following analysis given by Boscoe from 
the examination of palseozoic rocks. In 100 parts^ by 
weight, there are of 

Oxygen, 44 to 48*7. Calcium, 6 6 to 0*9. 

Sihcon, 22*8 to 36*2. Magnesium, 2*7 to 01. 

Alnminiam, 9*9 to 6*1. Somum, 2*4 to 2*5. 

Iron, 9*9 to 2*4 Potassium, 1*7 to 3*1. 

The composition and mode of combination of the different 
elements is likewise very various. The diBOxiBdoii ol \Xi^*eA 
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diflercncos Lelongs to the province of chemical geology, but 
it will be necessary to point out in a general way, the 
manner in which the diffei-ent ingredients are presented to 
the field observer. 

11. Formation of the Earth's Crust. — Commencing at the 
surface of the earth in temperate regions, we find a yariable 
amount of soil overlying gravel, sand, and clay, all more or 
less incoherent. Beneath these we come to harder material, 
disposed in layers, the inclinations of which to the horizon 
are widely different, ranging from homontal to perpendicular. 
As every one of these layers owes its existence to the dis- 
integration of a previously consolidated mass, it is obvious 
that there must be a point beyond which it is impossible for 
us to trace the stratified rocks, a point at which the earliest 
formed stmta have disap^^eared, and that point is reached 
in the Laurentian series; for though these have obviously 
been deposited as sedimentary strata, yet the sources of 
these sediments are nowhere to be recognised now. Lauren- 
tian ix)cks are therefore not the oldest, but the oldest known 
components of the earth's cnist; all the succeeding forma- 
tions, tiibulated as follows, — 



III 



Recent. 

rieistocene. 

Pliocene. 

Miocene. 

Eocene. 






o 

V) 



^ 



Cretaceous. 
Wealdcn. 
Oolitic. 
Triassic. 




Permian. 
Carboniferous. 
Old Red. 
Silurian. 
Cambrian. 
^Laiu'cntian. 



are derived each from that which had gone before. Calcula- 
tions have been made as to the thickness of the eai*th*s crust, 
the greatest thickness of each of these formations, or their 
mean thickness, according to the views of the calculator, being 
taken and added together; the result is very serious mis- 
apprehension of the relations of the strata to each other. 
For although a table, such as that above, represents every 
formation as if it lay in contact with one above and one 
below, and though it thus suggests the presence of all these 
layers aa the normal condition of the earth's crust, it must 
be borne in mind that it is impossible for all of these strata 
to exist at every point of the earth's surface, without our 
imagining that the seas and lands of the past had altemated| 
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and bad, each of them in turn, covered the surface of the 
globe, a supposition which ia contrary to analogy and to ex- 
perience. A geological section or table is true only for tbe 
locality at which it is taken. Movements of elevation and 
subsidence are constantly going on at various pomts, and the 
positions of sea and land are constantly shifting ; it will bo 
apparent that every change in the position of land and water 
means addition to, or diminution of, the amount of 8e<li- 
mentary layers, or even the entire an*est of their deposition. 
The persistence of continental conditions for a long period 
necessarily prevents the formation of sedimentary accumula- 
tions over tjiat area, and thus we have in the British Islands 
a remarkable difference in the succession of the rocks at 
diflferent parts, the following being very good examples of 
what it is desired to explain : — 

COMPARATIVE SECTIONS IN UNITED KINGDOM. 

North of Sqptlanix 
W E 

e 

Ghamtians to Lammeamoobs. 
S.W. 8.E. 

N V 

LoxDON TO Isle o? Wight. 
N.E. S.W. 

Eucenc tff^ *-> Eocene. ^. 

^ Wealdon. ^^ ^^^ Wcaldcn. 

Wales to Cornwall. 
N. 8. 

\ . • -^ ^ . ^^« 

% W/'^'^'/ZV... Carbo.uf.rou.. .^^, ^^ 



v*^" 



'-. '% '^^^ 



'"^.^ ^' 



oV>- V 



''Jft 
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12, Unconformity of Pormations. — The thickness of the 
Btmtifuxl |>ortion of crust may or may not be twenty miles, 
but the CiUoulations upon which it is based are futile, and 
apt to convoy an erroneous notion of physical geography. If 
our opportunities of observution were complete, we should 
bo able to form a picture at eveiy epoch of tlie changes 
of hu\d or water; we should be able, from a comparLson 
of stHlinioutnry dei>osita and the ai*ea3 they occupy, to fix 
tlu^ pivsitiou of every change. But, in the first place, the 
giH)lo«j:ioul record is not complete, denudation having re- 
movinl a great many of the stmta; and, in the second place, 
wo have no guide to the absolute time which may have 
elaiwod iH^twecu any two events. Thus we find in Scotland 
tliut tlio old ixhI Btindstono is covered by the oolites, whereas 
in Kui^laud the carboniferous epoch, the pcmiian, and the 
triassio iutorvoucd beiwoen these two sets of beds; but we 
eannot toll whether the interval repi'osentcd by the absence 
ttf dt^piKsit is givator, equal io, or less than the intenal re- 
piV8*»utiHl in Kugland by all these formations, though the 
pivlmbility is that it was about the same. 

If every one of the formations mentioned in the table 
ivpivseuts the sea bottom, and if we find that any one ol 
these fonuations is in conti\ct with, not one, but several of 
1hi>se which weix> formetl lH>foiH5 it, it is obvious that the sea 
lH>ttom \\\Kn\ which it is laid down was not unifonu, and wajj 
not made up of the same parts. Tliis relation, which is 
known as unconformity, may be represented by the subjoined 
diagram, in which tlie planes of tlie strata are indicated by 
the slope of the printed names. 

TlLVNSVEPiSE SECTION OF SCOTLAND. 

/ '"S^ % o, oolitic. 

13. Sedimentary Ponnations not all Marine. — This 

section shows a number of unconformities, each one of which 
re])eats exactly the same otops. We have, first of all, the 
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deposit of ihe strata firom water, then elevation nntil 
thej luiTe lost their approximate horizontality; wo have 
them brought within the denuding action of the waves of 
the sea, or they may be elevated stiU more so as to be acted 
on by the atmosphere; and, again submerged after their up- 
tamed edges had thus undergone considerable reduction, they 
become the seat of fresh accumulations. The time occupied 
in these processes is unknown; it may be long or it may be 
short, for we cannot tell how many times these processes 
may have been repeated, we cannot tell how many accumula- 
tions have been laid down thus unconformably, have been 
swept away, and upon the fresh worn surface of the sub- 
jacent rocks another pile deposited. We see in fact only tho 
last step in the process; we cannot tell how many similar 
steps had occurred before. But from the statement that all 
these formations represent sedimcntaiy dejwsits, and by that 
is usually meant marine accumulations, some deduction must 
be made. Professor Kamsay has given good reason to believe 
that the cambrian, the old red sandstone, the i^ermian, tho 
triassic, and part of the carboniferous formations, represent 
the remains of continental areas, of land surfaces, or of land 
locked basins in which a meagre fauna lived, and in which 
the deposits were largely chemical. This is among the first 
attempts that have been made to connect the continents of 
the present with those of the extreme past; and it seems as 
if we were very nearly able to say that the land surfaces of 
the triassic times are continued by the present continents, 
and that, extensive as may have been the upward and down- 
ward movements and other changes of their surface, these 
have not been simultaneous at all points, and thus tho direct, 
uninterrupted transmission of plant and animal life has taken 
place as unmistakably as it has taken place in the ocean. 

In a subsequent section, an attempt will be made to show 
how a continent may gradually become* developed or evolved 
by the addition of layer to layer, by the gradual elevation of 
each layer, as it has been formed, to become the shore of tho 
land. 
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SECTION in. 

Most Common Minerals^Table of Rocks — ^Difficulty of Classifies* 
tion: Transition Groups — ^Mechanically, Chemically, Organically 
Formed Rocks — Hypogene Rocks. 

14. Minerals. — ^The elements wliich enter most largely 
into the composition of mineral masses are : hydrogen, chlo- 
rine, sodium, potassium, oxygen, sulphur, calcium, mag- 
nesium, carbon, silicon, aluminium, iron, fluorine, boron, 
phosphorus, lithium, barium, zirconium. A mineral is a 
chemical substance having a definite composition and a 
definite form; a rock is made up of various minerals in 
difierent proportions, and has no definite form. It only 
concerns the geographer to ascertain the composition and 
structiire of rock masses, or that department which the 
geologist recognises as petrology. 

15. Bocks. — ^Kocks may be gi-ouped 



A. Mechanical. 

1. Sedimentary: — 

a. Arenaceous, e.^., Conglomerate. Sandstone. 

b. Argillaceous, e,g,f MuoL Clay. Shale. 

2. -^olian:— 

Blown Sand. Dunes. 

3. SUBAERIAL: — 

Superficial Moraines. 

Moraine profoude. Boulder Clay. 

Talus. 

B. Chemical. 

1. Calcareous, e.g., Stalactite. Travertina 

2. Siliceous, eg.. Sinter. 

3. KockSalt. 

4. Gypseous. 

C. Organic. 

1. Calcareous, e.g., Coral Reefs. Gaze. 

2. Carbonaceous, e.g.. Peat. Lignite. CoaL 

3. Ferruginous, e.g.. Bog Gre. 

D. Hypogene. 

1. METAMORWnC:— 

Quartsite, Homstone. Porphyry. 

Mica Schist, Skte. Dolomite. Serpentine. 

Gneiss, Granite. Anthracite. Graphite. 



23 



B0CK3. 




26 PHTSICAL GEOGBAPHT. 



2. loNTors:— 
a. Volcanic. 

Felspathic Series, e.g.. Trachytes. 



Augitio Series, e.g., Dolerite, Basalt. LBi.eccia8 



Ashes. 



Agglomerates. 



b. Trappean. 
FeUtones. 
Melaphyre. 

16. Classification. — ^Tliese groups cannot be regarded as 
sharply defined : in each a typical form may be selected, but, 
except among the lavas and perhaps a few granites, we do 
not find perfectly simple representatives of the family char- 
acters. The difficulty of classification will appear in the 
sequel; but the accompanying diagram gives a general idea 
of the mutual relations of the groups. 

17. A. Mechanically Formed Rocks. — 

1. Sedimentary. — ^Tho rocks formed by deposit from water 
constitute the great bulk of the sti-atified formations, and 
the two ingredients, silica and alumina, which form their 
greatest mass, characterise, according to their predominance, 
the sandy and the clay series, arenaceous and argillaceoas, 
but they are seldom found pure. 

The finest arenaceous rocks, the purest sands, or the 
finest grained sandstones, present quartz masses comminuted 
to the smallest possible size. The series commences with 
breccia, or angular fragments which have been disengaged 
from rock faces, but have not undergone any action by 
which their angular asperities might be removed. Water- 
rolling is the most powerful agent in smoothing and polish- 
ing in all directions, a pebble being, in popular language, 
a rounded piece of quartz equally smooth at all points; 
but it is convenient to use the word for any uniformly 
rounded fragment. The longer the friction is continued 
the smaller does the fragment become, so that the coarse 
shingle of the sea-shore, which, when consolidated, yields 
a conglomerate, passes into gradually finer gi*avels — fine 
sand being the last term in the series. The consolida- 
tion is effected in the case of sand by compression, by in- 
filtration of iron and lime from the strata above, or by 
the solution of calcareous fragments, as of shells, which 
may have been enclosed in it. BreccLos and conglomerates 
become coherent rocks by intermixture with sand, and the 
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pressure which effects consolidation may be guessed fi*om the 
fact that the pebbles are sometimes indented at their points 
of mutual contact. Sandstones contain varying quantities — 
sometimes minute, at other times considerable — of clay, iron, 
calcareous, felspathic, and organic matters; and thus vre 
have transitions to shales, ironstones, hypogene rocks, lime- 
stones, and coals. The debris brought into the sea by 
streams, or derived from the waste of shores, is sifted in the 
sea, and deposited according to its relative weight; gravel, 
sand, and mud form, generally speaking, successive zones of 
deposit parallel to the coast. Sandstones occur massive, with- 
out stratification planes, forming the liver rock of quarry- 
men, or divided into seams of various thickness separated 
from each other by layers of other materials. The value of 
sandstone as a building material, is in proportion to the 
closeness of its grain, the presence of stratification planes 
destroying the free working in all directions. 

Clay is the chai'acteristic material of argillaceous rocks. 
The silt of a river is a heterogeneous substance, consisting 
of fine mud, sand, organic and chemical matters, which are 
gradually separated. The aluminous matter is always fine 
irained, and the glacier detritus can only be said to pi^ent 
a greater tenuity of its materials, because the sand which it 
contains has been ground into an unusually fine powder. 
The only pure clays are those derived from the decay of 
felspathic rocks, the result — kaolin, porcelain clay, or meer- 
schaum — consisting of hydrated silicate of alumina, from 
which other ingredients have been washed out; and those 
clays on which a similar depuratory action has been exercised 
by vegetation. The fire-clay foimd along with coal seams is 
the representative of the white clay on which peat rests, and 
the principal impurity of both is a small quantity of car- 
bonaceous matter. Clay as a stratified deposit forms shale, 
which is usually extremely fissile; but this fine lamina- 
tion must not be confounded with the division planes of 
slate, which form a stmcture superinduced upon and not 
necessarily coinciding with the planes of original stmtiifica- 
tion. As an increasing quantity of sand would lead into 
sandstone, so an increase in the carbonaceous or calcareous 
admixture would give the transitioa fi*om clay to coal or 



S3 t^HTSICAL OEOGRAPinr* 

limestone. A small quantity of lime gives the fertile mails, 
and of sand gives to loam its pervious character. The con- 
solidation of this last variety yields the mudstones of the 
older formations, which are less fissile and tougher than the 
purer shales. Lastly, the addition of volcanic ashes to shales 
in course of formation gives a nearer or more distant ajiproach 
to volcanic rock in proportion to the quantity introduced. 

2. jEolian rocks are the blown sands of the desert and the 
sea shoi^e. They are sometimes, especially the latter, regu- 
larly stratified, and shells, blown up from the beach, ai-o 
often found in the laminoe. This kind of formation is only 
recognisable in the present, its incoherence and the circum- 
stances of its accumulation preventing its preservation in the 
form in which it was first laid down. 

3. The term Subaerial is intended to apply to those 
materials which are derived from atmospheric waste, but 
have not been reasserted in water. The talus found at the 
foot of every cliff, consists of debris which may be washed 
down in part by rain, but the quantity of water is not suffi- 
cient to give it a stratified chai'acter. The coarecr materials 
are found at the bottom of the slope, which has the fan- 
shape characteiistic of all sediment allowed to spread with- 
out restraint from a single point. The glacier debris will 
bo referred to in a subsequent chapter. Meanwhile, it may 
be mentioned, that though the Moraine profonde may have 
more or less of an alluvial aspect, an imperfect stratification 
being discernible in it, the rearrangement of its materials 
has not the regularity oven of river deposits, and in the case 
of the boulder clay or till, the distinction is well known 
between the pell-mell aspect of the great mass, and the 
regular stratification of those parts which have been laid 
down in the sea, or upon which the sea has come to act. 

18. B. Chemically Formed Rocks. — ^The limits of this 

group are very indefinite, but well marked types of rock may 
be found which, though deposited in water or by water, have 
their final form very unlike that of ti-ue sedimentary rocks. 

1. Calcareous deposits take place in caves, and, on a small 
scale, in cellars and under bridges, v/here water drops down 
carrying an excess of carbonate of lime. The water which 
flails on the ground evaporates or runs off, leaving a calcareous 
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deposit wliich may come to form very thick layers of stalag- 
mite. The falling drop also parts "with its lime, "which 
gradually forms a dependent rod like an icicle; and the stalac- 
tite and stalagmite may meet, finally filling np the cavern 
with a spongy mass of variously coloured carbonate of lime, 
in which crystallization may afterwards take place without 
destroying the lamination. Travertine is a porous limestone 
deposited by precipitation from the waters of calcareous 
spiings and streams. It forms masses which, as at San 
Filippo, may be 250 feet thick; and a thickness of one foot 
has been laid down in about four months. If fragments of 
foreign matter are enclosed in it, the lime may arrange 
itaelf round these in concentric masses giving a spheroidal 
texture. 

2. The Siliceous sinters found around thermal springs, are 
precisely similar to the calcareous travertines. The silex is 
deposited on the cooling of the warm water charged with 
soda, which kept it in solution at a high temperature. 

3 and 4. Bock salt is found in lenticular masses, 60 or 
even 90 feet thick in England. In France the layers are 
each of them thinner, but at Vic 180 feet of salt are foimd 
in 650 feet of strata. Bock salt (sodium chloride) and 
gypsum (anhydrite, and hydrated calcium sulphate) are 
usually found in association; they occur in various forma- 
tions, but their remarkable development in the triassic strata, 
and others whose tints are red, yellow, or green, according 
to the iron salt they contain, furnishes an important evidence 
in favour of Professor Kamsa/s theory, that these formations 
were deposited in inland seas. Kock salt is also found in 
considerable quantity saturating the soil of inland plains, or 
deposited round the shores of land-locked basins. 

19. C. Rocks of Organic Origin. — The segregation of 
various substances by plants and animals is doubtless a 
chemical process; but being determined by the living tissues 
of organised bodies, and yielding rock masses of very different 
forms and relations from those of the last group, it is at least 
convenient to keep them apart. 

1. Calcareous, — ^The coral reefs of tropical and sub-tropical 
seas, and the isoh^ted corals of other oceans, oifer the largest 
ratio of chemical substances to living tiBsafia)»bBi^^^\aL<^'« 
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of in nature. The enormous tMckness of some reefs makes 
them very important members of the stratified series, while 
their disintegration forms sedimentary deposits whose ulti- 
mate organic origin is obscured. Their interest is increased by 
the fact that they contain carbonate of magnesia along with 
carbonate of lime, and thus these two minerals are found in 
conjunction, which, as in the permian strata, are believed to 
repi'esent metamorphism. The oaze which covers the floor of 
the Atlantic and other oceans, consists of about 85 per cent, 
of calcareous matter, derived from the tests of Globigerin© 
(Huxley); 10 per cent, of silicious matter of inorganic 
origin, or obtained from diatoms and other lowly organisms, 
with silicious coverings; while the remainder consists of 
the debris of molluscs, Crustacea, and other marine animals 
which are enclosed in calcareoiis shells. This fine soft sedi- 
ment hardens on exposure, and both in composition and 
structure is well nigh identical with the earthy limestone 
forming the white chalk. Mr. D. Forbes finds that white 
chalk contains 94 to 98 per cent, of carbonate of lime, oaze 
not more than 60 per cent Ho thence concludes that oaze 
would yield a calcareous shala The proportion of lime 
pixjbably depends on depth; the generalisation may there- 
fore in the meantime be accepted as in the main con*ect. 
Lacustrine limestones or mai-ls are formed in many small 
basins, and are foimd on a large scale in Lake Superior. The 
varieties of limestone are considerable. The white chalk has 
already been mentioned; it is eai-thy in England, more 
compact in Fi-ance. The limestones of the carboniferous 
period are seldom quite pure, gi^nng transitions into sand- 
stone and shale. Kich as they are in fossils, the quantity of 
lime is greater than the fossils preserved will explain; and it 
is probable that the great mass consists of debris of organisms 
similar to those which have come down, while it is not 
unlikely that the deep seas of ancient periods contained oaze 
similar to that of more recent times. Bituminous and fetid 
limestones owe their characters to the presence of organic 
matter. Limestones may be earthy, compact, or ciystalline, 
according to their purity and the conditions to which they 
have been subjected since their formation. The oolitic and 
pisolitio structures are^ like the spheroidal condition of traver- 
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tine, due to the presence of small foreign bodies; but the 
isolation of the spherules has been effected by the rolling of 
the first concretions to and fro, so that they come to consist 
of concentric layers. Siliceous infiltrations may giro great 
hardness, while decomposition yields rottenstone. Conglo- 
meratic or brecciated limestones are found under circum- 
stances suggestive of the waste of islands in their vicinity 
during deposition. The Broken beds of Portland have been 
accounted for by supposing the deposit of lime on a mass of 
vegetation, whose decay and collapse fractured the layer, 
while continued deposit of lime recemented the whole. 

2. The earbonadoui group is the most important econo- 
mically. The following table, given by Dr. Percy, illustrates 
the composition of various members of the coal group, the 
carbon being taken as 100. The last column shows the 
excess of hydrogen above that required to make water : — 



Carbon. 

Wood, : 100 

Peat, 

Lignite, 

10 Yard coal, Stafford, 

Steam coal, Tyne 

Pentrefelin ooal, S. Wales,.. 
Anthracite, PennBylvania,... 



Oxjgen. Hjdrogen. 
83-07 1218 



66-67 
42-42 
21-23 
18-32 
6-28 
1-74 



9-86 
8-37 
612 
691 
4-75 
2-84 



Exeeu of 
Hjdrogea 

1-80 
2-39 
3 07 
3-47 
3-62 
409 
2-63 



This table shows the decrease of the other ingredients in 
proportion to carbon, anthracite being the extreme form of 
the metamorphism of coal, in which the volatile matters have 
been largely eicpelled 

In the conversion of wood into coal, part of the hydrogen 
is eliminated with carbon, as marsh gas (CH^), a part unites 
with oxygen to form water, and part of the remaining 
oxygen unites with the carbon to form carbonic acid (CgO^). 

Coal is formed from the decay of vegetable matter, and 
the process may go on where the vegetation grew, or the 
finer debris may be washed down into pools, settling down 
there to form the fine grained compact cannel or gas coal. 
The ordinary bituminous coals, as they are called (though 
they contain no bitumen, no substance, that is to say, which 
la soluble in ether or benzole), have, for the most part, an 
imperfect caboidal structure, the planes \)y "wbi^^ ^^ t£ass& 
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is di\'ided being vertical to those of stratification. These 
joints i*esult from the pressure to which the once soft mass 
m has been subjected, the bulk of the original vege- 

|. table matter having been, it is calculated, eight or 

^ s twelve times that of the coal. The seams usually 
f i rest on fire-clay, the soil on which the vegetation 
|<g flourished, while upwards they may pass into car- 
;;; S bonaceous shales. But the coal itself is remark- 
I i* able for its freedom from sedimentary materials, a 
p. condition only compatible with its formation be- 
8 yond the reach of sea or rivet's. The occasional 
intersection of coal fields by bands of gravel, the 
oca ordinary debris of a river channel, confirms the 
§i view that the coal swamps were analogous to those 
! g* of a delta like that of the Mississippi, the plants 
^ ^ decaying on the islands between the streams, being 
|! protected from incursions of alluvium by the thick 
undergrowth all round. The siibaqueous deposit of 
cannel coal is rendered more probable by the 
horizontal passage of cannel into blackband iron- 
stone, with which are associated the remains of 
amphibians, so that the series probably was as in 
the adjoining table. 

The oil shales mentioned in the last line of this 
&§- diagram, ai'e now an important article in Scottish 

manufactures. They are ordinary shales, saturated 
with animal matter derived from the decay of 
minute entomostracan crustaceans and of vegetable 
matter, the foimer being the characteristic inhabit- 
ants of brackish and stagnant fi-esh watcra. 

3. Ferruginous deposits, whose position is deter- 
mined by organic bodies, are illustrated by the bog 
iron ore, which forms deposits sometimes of toler- 
able size in peat swamps, concentrated on particu- 
lar spots by the partially decaying plants. The 
segregation of the iron in carboniferous times was 
determined likewise by the vegetation. 



The subfitanoes above mentioned form rock masses, whose 
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primitive condition is for the most part recognisable. But 
except ihoee which are now forming at the surface, none 
are absolutely in their primitive state. Consolidation by 
the pressure of a superjacent stratum, has effected a certain 
change, and as prefflure increases, hiyer being added to kyer, 
infiltrations of fluid also take place, canying downwards, in 
Bolaiion, substances contained in higher strata. Thus both 
chemical and textural changes occur in propoi-tion to the 
age of the deposit, without, however, the characters of the 
rock being obscured. But other changes take place beneath 
the surface, metamorphism altering both the chemical and 
physical composition of the masses, without, at lea&t in 
general, destroying their relations, while igneous fusion 
reduces the whole to a uniform condition both of texture 
and composition. These changes go on at different depths 
beneath the surface. Hypogene or subterranean is therefore 
the most convenient common designation for both kinds. 

20. D. Hypog^ene: — 

1. Metamorphic. — The consolidation of an ordinary sand- 
stone still leaves the rounded form of its ultimate gi'ains 
recognisable; but in quartzite, or sandstone which approaches 
more or less towards the condition of homogeneous quartz, 
the granules become adherent or confluent, their partial solu- 
tion having been eflected by warm alkaline waters. Honi- 
stone and lydianstone are extreme cases of this change in 
siliceous strata containing a considerable quantity of clay. 

Mica schist, chlorite schist, and the like, are sedimentary 
rocks, some of whose ingredients have been separated out 
and arranged in planes ptuitdlel to those of original stratifica- 
tion. This rearrangement is known as foliation, and it 
reaches its highest development in gneiss in which quartz, 
felspar, and mica are disposed in alternate layers. But these 
are not extensive, the shoi-t fusiform masses showing gene- 
ral parallelism only when looked at from a little distanci^ 
The same ingredients are united in granite without the 
slightest approach to order. Though some gmnites may l.o 
of igneous origin, just as some rocks lithologically identical 
with trap are of metamorphic origin, the gi*eater part of the 
granites are the representatives of sedimentary stmta altered 
in place. The granitic axis often spoken of in the case of 
23 " Q 
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mountains is tlie central, perhaps the deepest part of the 
mass, but its presence is no proof of its antiquity, since 
granite may be of any age, from the Laurentian down to 
the teii;iary gi^anite of the Alps. In syenite, hornblende ia 
associated with the ingredients; hypei^sthene and diallage, 
mcmbei*s of the group of augitic minerals, may be present 
in such quantity as to confer their names on the rock in 
which they are found. 

In the foregoing rocks the chemical grouping of their 
ingredients has undergone entire change, the alteration of 
texture being a necessary consequence. But in the true 
slates the metamorphism consists in a primary change of 
structure, the chemical alterations being comparatively slight. 
Slaty cleavage is due to pressure, and consists in the re- 
adjustment of the particles relatively to each other, so that 
they split in one direction, which may or may not coincide 
with the stratification planes. The cleavage planes are 
straight, parallel to each other, and traverse the strata irre- 
spective of their curves. 

The trap rocks of conspicuously igneous origin are simu- 
lated by certain masses of eminently felspathic character, 
which, however, represent fine grained as well as conglome- 
ratic sedimentary rocks, whose place they occupy, some- 
times alternating with the imaltored strata. These rocks 
in South Ayrshire are described by Mr. James Geikie, 
Quart, Jour. GeoL Soc, xxiL 

The calcareous rocks are represented by crystalline lime- 
stone, such as may be produced artificially by heating chalk 
under great pressure, the carbonic acid being prevented from 
escaping; by dolomite, in which carbonate of magnesia has 
either replaced carbonate of lime by infiltration from with- 
out, or the mineral already present in the rock has been 
gatliered along particular lines or at pai^ticular points; and 
by serpentine, which is the extreme modification of a mag- 
nesian limestone, the cai-bonates being i-eplaced by silicates. 
Serpentine may also result from the metamoi-pliism of some 
kinds of tmp rock. 

2. Igneous Hocks, — ^No real difierence can be established 
between the most ancient and modem volcanic rocks, except 
such as are consequent on the modifying power of extenuvl 
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conditions, or are connected with the absence of any con- 
spicuous ori£ce of outflow. All the members of this series 
may be divided, according to their composition, into two 
groups, in one of which siliceous minerals prevail, in the 
other the alkaline bases enter more largely. The trachytes 
contain 66 per cent of silica, and 17 per cent, of alumina, on 
an average; the dolerites, or basic rocks, contain 51 per 
cent, of the former, and 14 per cent, of the latter, with 10 
per cent, of lime and 14 per cent, of iron and manganese. 
The compofdtion of the older rocks, the felstones and mela- 
phyres, which are grouped as traps, is essentially the same, 
the incoherent materials of the crater of outflow having been 
removed and having left no trace of its position, but both 
of the older types have undergone more or less change by 
pressure and infiltration. The solid rocks have their counter- 
part in the fragmental series of coarse and fine ashes, which 
are siliceous or basic according to the character of the lava 
with which they are associated. 

Porphyry is a volcanic rock, in which some of the ingredi- 
ents have ciystallized so as to be prominent in the midst of 
the matrix. Vesicular structure is due to the presence of 
enclosed gases in the molten mass, and when these cavities 
have become filled with solid matters, deposited from infil- 
trated water, the rock becomes amygdaloidal, the vesicular 
condition being restored if the contents are removed by 
subsequent percolation. 

Such are the principal kinds of rock which enter into the 
composition of the earth's crust, so far at least as the 
geographer requires to consider them. 



SECTION IV. 



Formation of Sedimentary Strata — Disturbances of Scclimcntary 
Strata: Outcrop — Dip — Curves — Faults — Contemporaneous and 
Intrusive Igneous Kocks— Preservation of Fossils. 

2L Foimation of Sedimentry Strata. — ^Tho sequence of 

phenomena which tciminates in the production of strati6ed 
rocks is as follows: Water descending from the atmosphere 
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loosens and removes the particles making np rock masseSi 
and it must be remembered that the term rock is, in geology, 
used for any accumulation of mineral matter, whatever be 
its density. The particles thus removed are carried by the 
stream downwards to their resting place on the floor of the 
ocean. But they do not travel directly to the sea; they are 
delayed from time to time by being thrown out of the stream 
as alluvium, or deposited in lake bottoms; in either case, 
however, their stay is tempoi*ary, since, after a time, they 
too are disintegi'ated and carried further down. Every 
particle in its progress helps the wasting operation, and i^e 
have a mechanical abrading power exercised by the river in 
proportion to the quantity and the bulk of the mineral sedi- 
ments it carries forward. But the water contains, besides 
the mechanically suspended matters, chemically dissolved 
minerals, and thus the solid matter in the stream may greatly 
exceed the apparent contents. These dissolved substances 
may either enter into fresh combinations, giving rise to 
chemical deposits in favourable circumstances, or they may 
reach the sea, and there assist in the foi*mation of the solid 
parts of marine plants and animals, and thus, in the end, 
contribute to the formation of rock. The rain, as it descends 
through the atmosphere, takes up various gases on its way; 
chief amongst these is carbonic acid gas, which becomes, 
when precipitated on the earth, a powerful solvent of cal- 
careous matters. Absolutely pure water can do little in the 
way of disintegration, if its action is not facilitated by 
gravitation or by chemical change. The dLsintegi-ating influ- 
ence of the rain is modifled by the quality of the surface on 
which it falls, being slowest upon bare hard rock, into wliicli 
calcareous matters do not enter; and most rapid upon soft 
loose soils not protected by vegetation. Two extreme cases, 
illustrative of this influence, may be refen-ed to : the one is 
the rainfall on the Khasia Hills, in Bengal, which amounts 
to 30 inches daily; it washes away the soil from the hill sides, 
and prevents any vegetation gaining a footing; the other case 
is that given by Lyell, who relates how deep ravines were 
excavated in Georgia, U.S., after the cutting down of tho 
forest which had pi'eviously protected the soil from the rain- 
fall. As ri vol's occupy a larger proportional area of the high 
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graunds than do the conjoined streams in the low groandg, 
where the waters are confined in narrow but deep channels, 
granular disintegration effected by the atmosphere is greatest 
in the high grounds. By atmospheric denudation is meant 
all the waste that is wrought by means of the moisture con- 
tained in the atmosphere. The foim of water varies; the 
small fine rain does more than the soaking mist in the way 
of removal; the rapid torrent, hunying forward numerous 
pebbles, is efficient both in disintegration and in transport; 
but in temperate regions the expansive power of frost is 
one of the most efficient agents in breaking up and remov- 
ing even the hardest rocks, while, in some tropical and sub- 
tropical regions, the heat of the sun plays a very important 
part. The large glacier, formed by compression of the snow 
into a stream of solid ice, at once disintegrates the surface of 
its channel, and removes the rubbish; and the features of the 
country over which ice has travelled, either in the valley 
streams, known as glaciers, or in the shape of a great sheet 
of land ice^ are characteristic and easily recognised in eveiy 
region. 

The action of the atmosphere, as a denuding agent, is ver- 
tical, that is to say, it tends to lower the vertical elevation 
of the earth by the removal of particles from its surface. 
The next denuding agent, in point of importance, is the 
sea, and its action is horizontal, so that, if land were sta- 
tionary for a sufficiently long period of time, it would, by 
the joint action of the two» be reduced to a level at tho 
surface of the sea. It is believed that tho denuding power 
of the sea is greatly inferior to that of the atmosphere, and 
that, while the latter produces the great features of land 
surfaces, the former is continually striving to efface them, 
the materials of waste, whether derived from the land by 
streams or from the shore line, being deposited in the sea 
bottom in masses which are approximately horizontal. 
Natural gravity effects a certain kind of arrangement, the 
heaviest blocks being those which settle first. The succession 
of marine deposits, theoretically stated as gravel next the 
land, sand farther out, and mud farthest out of all, is in 
gen^»l terms correct; but a serious difficulty is presented by 
the fact that on manj coasts, and espedaOy a^ ^<dmo>^V\^ ^1 
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largo rivers, finer grained mud is found close up to tlie coast 
lino. An ingenious observation of Mr. David Hobertson 
explains the difficulty: ho finds that the addition of a small 
quantity of salt water to fresh water which contains a large 
quantity of excessively fine sediment, causes the precipitation 
of the sediment to taie place in a very much shorter time 
than if it were left to itself; hence the throwing down of 
nuid at the mouths of large rivers is the consequence of an 
alteration in the density of the water, and the rule as to the 
gradation of deposits, as above stated, is only absolute for the 
puwly fiTsh water accumulations of lakes. 

The materials found upon the floor of the ocean, passing 
fi*om tlie ordinaiy coast line seawards, are coai*se sedi- 
ments, finer sand, and mud — ^the mud, as a general rule, 
being found in deep water; but in the very deepest parts of 
the ocean, as in the Atlantic, the sediment consists almost 
exclusively of the calcareous oaze derived from the disinte- 
gmtion of the shells of marine animals. Following up the 
indications thus suggested, Mr. Hull has pointed out that 
the sedimentaiy mechanically-formed strata, consisting of 
gravels, sands, and clay, are inverse in their quantity to 
the calcareous. 

Bhowt — Sea lorel. 

OraTel. 

Sand. 

CAlcareoas. 

Thus the carboniferous strata of Scotland contain a large 
quantity of sedimentary beds alternating with the limestone, 
whereas the calcareous rocks of Middle England are free from 
sedimentary admixture, and of very much greater vertical 
thickness, the inference being that deep water prevailed 
thei'O, while a shallower sea had its shore in the north of 
Scotland. The carboniferous strata of the Appalachians are 
chiefly sedimentary, the limestones of the Mississippi basin 
indicating that a deep ocean lay towards the west, while the 
land was eastward where the Atlantic now is. The chalk, 
which finds its nearest living representative in the Atlantic 
oaze, contains many fossils which were evidently pelagic, 
the inhabitants of a deep open ocean; while towards the 
fioutb €£ France the formation has a larger admixtui^ of 
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l^dimentaiy materials, and the fossils are cliiefly of types 
common in shallower waters. 

22. Disturbances of Sedimentary Strata.— Sedimentary 
stFBtOy then, consist of masses of material, deposited mechani- 
cally under the influence of gravitation, and they are divisible 
into layers of greater or less thickness, in consequence of the 
intervals which frequently suspend the process. For sedi- 
ments are not brought continuously and in equal quantities 
from the land; they vary with the seasons, and it may happen 
that by a change in the interior of a country, the amount of 
waste may cither be very much diminished permanently, or 
very much altered in quality; thus the conversion of a well- 
watered district into a rainless region would at once cut ofl 
a large part of the sediment thus derived, while, conversely, 
the subjection of a district to a larger amoimt of atmospheric 
waste, whether by a change of climate or by the cutting 
down of timber, as in the Georgian case already referred to, 
would gradually increase the sediment thence obtained, and 
might introduce materials of very different character fi-om 
those previously brought down. Hence it is not to bo 
ex])ected that, under ordinary circumstances, a mechanical 
deposit in the ocean should attain any very great thickness; 
we should expect to find that different materials were from 
time to time brought down, giving to it vertical alternations 
of materials. It must be borne in mind that the thickest 
uninterrupted deposits of one kind of material, those, namely, 
which characterise the old red sandstone, were, as will be 
shown in a future chapter, probably formed in enclosed basins 
or inland lakes, and during slow subsidence. 

Neither is it to be expected that the same deposit will 
have an indefinite horizontal extension. As the coast lino 
manifests the same variety, both in texture and chemical 
composition, as the intciior, it is obvious that denudation 
yields \inlike materials at different points. This horizontal 
variation, dependent in part upon the greater amoimt of 
debris brought down fi'om one district than from another, 
is influenced likewise by the transporting power of mai-ine 
currents. These have the effect of delaying the settlement 
of the lighter materials, and of carefully sifting out the 
detritus along the shore, so that tho first TOUg\i c\>>aa\&s»\.\s«k 
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hy gravitation is revised and made more exact, irliile, at did 
Buino time, the materials are spread over a large area. 

To the variation from time to time of the materials, and 
to the dispersive power of currents, must be added a third 
influence, namely, that of movements of elevation and sub- 
sidence. Tl)e most favourable conditions for extensive ver- 
tical accumulation of sediments are during subsidence, the 
least f;ivourable during elevation ; but during subsidence the 
distance of the shore line from the deepest water is gradually 
increasing, and consequently the limits of particular kinds g£ 
materials are altering. 

^'--t2. GravcL Sana. Mud. o«a. 

Coast 1. Gravel Sand. Mud. Oaze. 

In this diagram, Coast 1 represents the position of the 
margin of a country which is undergoing submergence ; 
Coast 2 represents the distance which the shore line has re- 
treated in consequence of the depression. In general terms 
we should expect the various deposits to shift their limits 
bhorowards, in the manner suggested by the superposition of 
the words in the diagram, and thus, while the deposit of 
mud goes on, actually without interruption, a vertical section 
would show that, apparently, it had been interrupted, since 
we find a layer of oaze above it. If, on the other hand, 
elevation took place, we should find the gravel gradually 
shifting farther and farther out as the coast line gradually 
encroached u]X)n what had formerly been deep water, and 
thus we should have an apparent interruption, as registered 
in the vertical succession, whereas, in truth, the process of 
deposit of one material had gone on continuously. The 
difiiculty, therefore, of intei'preting the events of former 
2>eriod3 in the history of the earth is increased to us by the 
manner in which the evidence is presented. Sir Henry de 
la Beche fii*st pointed out that the two extreme points of any 
one bed were not contemporaneous; that, in fact, to return to 
the diagram above, part of the gi^avel, of the sand, of the 
mud, of the oaze, were laid down at the same time, and that 
thus our lines of contemporaneous deposit, in the strictest 
jsense of the term, would not coincide with the plains of 
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Biratification; the accompanTiiig diagram will make this 
intelligible. , 

O Q G O G Q Q . 

8 'S 8 S 8 S S ~ 

M M M M M M M 
12345678 

Hie letters G., S., M., correspond to gravel, sand, mud, and 
the figures represent the mode in which these materials are 
laid down upon the Boor of a large lake. It is obvious 
that, as the lake gradually becomes filled up, the gravel 
oocupying a larger cubic space though a less horizontal area 
than the sand (as the sand does than the mud), the gravel will 
graduallj creep out towards the centre of the lake, and thus 
come to repose upon the successive layers of sand which have 
crept out fidong with it. While therefore when the lake has 
bem filled up, the gravel occupies one layer, the sand another, 
and the mud a third, and while the gravel, sand, and mud 
layers appear to be each later than the other, the latest or 
youngest being uppermost, the real order of chronology is 
represented by the oblique lines, G., S., M., and the contem- 
porary in point of time of M. in the sixth column is G. in 
the third. The broad statement, therefore, that the youngest 
strata lie upon the older, can only be taken as correct for t^eir 
general mass, and not as absolute for the individual parts. 

23. Outcrop. — ^The table of formations given above (Art, 
11), represents the order of succession in which the fossili- 
ferous strata are found. It is formed by comparing the struc- 
ture of difierent regions together, and generalising the results. 
But it must be remembered that in no country do we find 
the succession so complete as is here suggested, and this table 
does not, therefore, convey an actual picture of what is found 
in nature. It is, perhaps, impossible to avoid such a general 
statement, but it is very necessary to keep carefully in mind 
the fauctf ih&t the relations of these difierent formations may 
not be truly represented in all cases. The table, as it now 
stands, represents the opinions of a time when it was thought 
that all these formations were marine sediments, and when 
the existence of contemporaneous dry land was disregarded. 
FrofeBBor Bamsay, in his Physkol Geography of Ortai Britain, 
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has remodelled the table, and has introduced into it the 
characteiistic conditions of each formation; thus, the cam> 
brian, possibly the old red sandstone, the permian, and the 
tiiassic strata are, as will be afterwards mor* fully explained, 
probably the records of lacustiine or mediterranean conditions; 
and, as these conditions are only possible during a continental 
elevation, it follows that, for a large part of the palaeozoic 
period, in this country at least, land took the place of water, 
and that the equivalents in point of time — the strict contem- 
poraries of these red strata---are the marine deposits of some 
other locality. Professor Huxley ui^es the employment of 
the word homotaxis to indicate the relations of the successive 
8ti*ata at different points of the earth's surface, and the term 
is intended to suggest that the successive strata occupy the 
same relative position to each other wherever they may be 
found; but that those formations to which we give the same 
name in distant localities are not, therefore, necessarily of 
precisely the same age; to compaixj, for example, the section 
of the Noi-th of Scotland, and thau of South America, as 
given by Mr. D. Forbes : — 

Scotland, South America, 

OoUtic. Oolitic. 

Old Red Sandstono. Permian, or Triassic, 

Lower Siluriaiu Carboniferous. 

Cambrian. Devonian. 

Laurentian. Siloriaiii 

These two sections do not consist of the same formations, 
nor is it probable that the particular strata to which the same 
name is applied belong to precisely the same period of time. 
In the first place, the devonian beds are marine, the old red 
sandstone of Scotland being, on the other hand, a lacustrine 
deposit; the carboniferous strata were also marine, their 
fossils being, some of them, identical, others only similar to 
those found in this coimtry; volcanic outbursts of consider- 
able importance occurred between the carboniferous and the 
oolitic period, and the permian or triassic*strata have under- 
gone considerable disturbance. The common facts as regards 
these two countries are : that we have in both the history of 
j&^uent oscillations, terminating in a continental condition 
in this permiou or triassic mass, and that, thereafter, deprea* 
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sion again took place beneath the water of the oolitic sea. 
The general resemblance of the fossils is a clue to the general 
BQCoession of the deposits, and the difi'ei'ences are siniilor in 
kind to the differences which exist at the present time 
between the types of animal life at different parts of the 
world. If it is not possible to admit of the imiversal distri- 
bution of the same species of fossils over the whole sui-faco of 
the earth, such distribution being unsupported by analogy, 
we can only account for their occurrence at distant parts of 
the earth by their migration. Migration necessarily implies 
difference in date, and hence the very fact of the resembkuice 
of fossils at distant localities suggests alterations in the 
physical geography of the period It is not difiiicult for us 
to guess the successive slow changes, whereby the geography 
of one period assumed the characters of the next succeeding 
time, but we can only approximately conjecture the kind or 
direction of the changes. If we could determine them in all 
cases with precision, we should bo enabled to pictm-e the 
successive phases in the physical history of the earth, and the 
history of its life would, thei'eaftcr, be easy. In suppoi*t 
of this view, Barrande's investigations into the fossils of 
Bohemia furnish valuable evidence; from his researches it 
appears that, at successive stages in the siluiian strata, 
foadls occur in groups which had been extinguished in that 
area at an earlier period. This recurrence of groups of 
fossils would have been impossible, without at least the 
assumption of a large number of unwarrantable hypotheses, 
if we believe that when they disappeared from the Bohemian 
strata, they had been absolutely extinguished. Their re- 
currence, therefore, is clear proof that, in the interval, they 
had only travelled into adjacent areas, returning thence 
when the conditions again became favourable. 

The most important points which it is necessary for the 
student of physical geography to bear in mind are : (1) lliat 
the surface of the earth, as it at present exists, presents an 
inequality and irregularity of distribution of land and water, 
and there is every reason to believe that this kind of 
inequality has existed from the most remote past; (2) that, 
whether by movements of elevation or depression, or by the 
action, of denuding agents^ the contours of the land surface 
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are becoming modified, and the waste materials are travelling 
seaward, there to be deposited in stratified layers, which at 
some future period shall be elevated into the condition of 
dry land, and again undergo a course of disintegration ; (3) 
that the materials of which these strata are composed vary 
horizontally and vertically, the variations being consequent 
upon the difierence of the physical and chemical structure of 
a country, on the difierence of movement of the earth's crust, 
and of ocean currents; (4) that in the past, as at the 
present time, there were difierences in the rate and amount 
of deposit at various points, and hence the thickness of an 
accumulation over one area may difler very importantly from 
that at another; (5) that the time occupied by the deposit 
of these layers of difierent thickness may or may not have 
been the same ; (6) that the strata of difierent localities 
are classified according to the fossils which they contain, the 
tables showing that the types of fossils follow each other 
in every region in the same general order, and that species, 
even though not identical but merely similar, neverthe- 
less present a parallel order of succession, even in distant 
localities. 

24. Dip, — Sedimentary strata are deposited on surfaces 
which are, for the most part, nearly level ; their incluiation 
is, therefore, at first slight, but they are usually found to 
incline to the horizon at an angle which may be a right 
angle, and in some rare cases may pass over so that the in- 
clination becomes reversed, and the originally lower surface 
may form the upper surface in the new position. The 
inclination of the beds to the hoiizon is the dip, and the 
direction of the edge of the bed when it cuts the ground is 
the strike; dip and strike are, therefore, at right angles to 
each other; they coincide when the bed is quite horizontal, 
and the dip disappears when it is perpendicular. The cdgo3 
of strata are tiaincated, the face they present being more or 
less abrupt; for the effects of denudation depend on the speed 
of the process, and the texture of the strata. The amount of 
materials that has been removed may often be guessed by 
help of the dip, the planes of which, when produced, give some 
idea of the former extension of the strata. Thus the Strath* 
blane valley gives the following section. 
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S(mih nm of CuBi islau 

&uidston« and Cooglomeratd. 

iSUatifitfd Trap. Oandf Qmvel, Allurlitm. 




Cami>aie Hill. 

Btratifltfd Trap, 

BnllaganBeds. 

U. Old Bed Sundttoni^ 



These beds of the Campsie Hills would, if produced, lie 
ftboTe the South Hill, but their true position is below that 
hill, the fault haviug disturbed their relative positions. The 
rallej itself, however, is excavated out of the sandstones and 
traps, which have gradually been worn back on either side, 
their edges of outcrop becoming more and more sloping. The 
transverse section of the Tay valley is that of a brcmd trough, 
which is partly filled with upper old red sandstone beds, 
while floor and bides are of lower old red sandstone and 
trap rocks, which the river, in remote times, had denuded 
prior to the deposit of the upper old red. 
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If the lines of the strata on either side were produced as 
shown in the dotted lines, it would become apparent that 
a conical mass had been denuded away, the quantity then 
removed being capable of calculation from the known 
thickness of the beds on either side. The horizontal stratii 
in the middle rest on the denuded edges of beds which had 
been bent into an anticlinal arch. The valley of the Tay is, 
therefore, a geographical valley, but a geological hill, and 
the upper is violenty unconformable on the lower old red. 

25. Carvatare. — Elevation and depression of limited tracts 
of country, accomplished with more or less violence and 
suddenness, give the simplest form of disturbance by which 
sedimentary strata are removed fi-om their original horizon- 
tality; for the limited elevation gives a dome or a ridge, from 
the centre of which the beds dip away. If the dome becomes 
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denuded hy sea and atmosphere, and tliei*eafter is submerged 
BO as to be covered with marine strata again, unconformity is 
the relation between the older and newer deposits. This 
I'elation is shown in the diagram given above, and in those in 
Art. 11, and it indicates that a period of time of unknown 
length has intervened between the dates of the two deposits. 
The occun'cuco of such unconformities between formations 
shows that there has been a great change in the physical 
geography of the district, and that this change has been great 
enough, and the time long enough, to allow the plants and 
animals of the earlier period to remove, and either to return 
modified in form duiing their migrations, or to bo replaced 
by a new set of organisms coming in from some other locality. 
The curvatures are usually, however, more complicated than 
in tlio case tirst supposed. Several adjacent elevations form 
a succession of anticlines with intervening troughs or syn- 
clincs, and in rare cases, as the Appalachians and the Jura, 
those foatui'os correspond to the features of the ground, in 
place of l>oing reversed, as in the case of the Tay valley. The 
amount of folding to which tlie strata have been subjected 
varies much; a few broad undulations, for example, form 
the Thames valley and the Solent, the intervening ridge 
having been denuded into a valley, the Weald like the Tay 
occupying the site of a geological hill. In the silurian 
districts, on the other hand, the strata are thrown into many 
narrow curves, and in these subordinate crumplings abound. 
86. Faulta. — ^The curvature of the rocks in a district is 
usually in the inverse ratio of the fractures which the strata 
have sustained. Fractures are of two kinds, both ti-aceable, 
however, to the same cause. All rocks, at least all of any 
density, are traversed by joints, are intersected by division 
l)lancs, which, when well developed, cut up the rock between 
the planes of stratification into cubes. These joints facilitate 
the work of the quarry man and miner, the "face" of the coal 
making the process of extraction also more economical than 
it would otherwise be. This kind of stinicture is due to 
pressure, and is essentially the same as the cleavage of slato 
already referred to. The fi*acture with displacement consti- 
tutes a fault, such as is illustrated in the section of the 
Strathblane valley. The rocks have been broken, and onQ 
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Eide hi3 slipped past the others so that corresponding portions 
come to lie at veiy different levels — ^the trap in that parti- 
cdar case forming the top of one hill, and occurring far down 
in the opposite hill. The amount of displacement, what is 
called the throw of the fault, varies from inches to thousands 
of feet, and the distance to which they may be traced is 
equally varied. But in tracing a fault line for enormous 
distances, as in traciog a volcanic chain or an earthquake 
movement, it does not necessarily follow that only one move- 
ment, has determined the whole: the probability that there 
vere several increases with the length of the fault, and more 
than one parallel fracture line may become tmited. The 
inverse relations of faults and contortions of the strata have 
been ingeniously explained by Mr. J. M. Wilson, who points 
oat that if a portion of the earth be elevated, and thus come 
to occupy a greater horizontal area than it did before, it cannot 
return to its former position so as to leave everything as it 
was. The rock has been displaced, and the eai-th's surface 
is carved; hence, when the area subsides, the rocks would 
become folded on themselves so as to occupy the former 
space, and contortion would thus be due to subsidence of a 
curved surface, while elevation might occur in an adjoining 
district, so that the strain in the first would be relieved. 
But if, daring elevation, the convex surface of the mass 
becomes fractured by the strain, subsidence may be accom- 
panied by the relative displacement of the portions on either 
side of tJbe fracture line, and thus the whole might be again 
accommodated within the former area without contortion, 
and without compensating movements in adjacent districts. 
Faults, like the metamorphosis of sedimentaiy strata, and 
the fusion of igneous rocks, are doubtlesi^ in progress at the 
present time : great elevations, as that of the Chilian coast, 
extensive subsidences, like those of Greenland and of the 
Aralo-Caspian area, cannot have left the strata unaffected ; 
and geologists have shown that the smooth surfaces of rock 
on either side of faults are scratched or scored in such a way 
as to indicate that the displacement has been effected by 
several movements at different periods, and not always in 
the same direction. The gradual development even of a 
dispkcement to the extent of 2000 feet, is one pf the reasons 
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vrhy faults are not indicated at the surface by any prominent 
features. Even had the dislocation been sudden, denudation 
would in time have smoothed away the outstanding portion; 
still more would denudation efface the asperity of surface 
resulting from a gradual downward movement. But fault 
lines do sometimes coincide with the wall of a valley for a 
considerable distance. Thus the northern boundary of the 
Silurian hills of South Scotland is to a large extent in a line 
of fault. In the subjoined diagram, the names in Koman 
letters represent the present siirface ; those in italics occupy 
the place of the strnta removed since the full de\-elopment of 
the £a.ult. 
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Section at Biggar. 

Old Red Sandstone, 
Old lied Sand.'ttorie. 

Old Red Sandstone. ^^^ -^^^ Sandstone. 

Trapa and Sandstones, qm Red Sandstone. 
Silurian. Siliuian : not seen. 



Southern Hills. [S. 
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Section S.E. ov Haddington. 

N.J Old Red Sandstone. 

/Silurian. 
Carboniferous. Old Red Sandstone. /^; 
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In the upper of these fiffures, the italics show the former 
relations, the old red sandstone having once covered the 
toi>s of the Silurians. Kear Biggar, the Silurians aix3 now 
bare; but to the N.E. the old red is still found in patches 
on the Silurians. The relative displacement near Bic^orar is 

JnZ "7^^^,^^^' *^^ ^^^^ Haddington; but the tairerin- 
form of a fault line is perhaps best su^rrested by a snound 
pkn of the Campsie district, from Stirling westN^ixls Tho 
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fault line dies out eastwards; and the carboniferous lime- 
stone, which, west of Stirling, is found only on the south 
side of the line, is there found on both sides of it, forming a 
continuous sheet across. 

27. Contemporaneous and Intrusive Igneous Bocks. — 

The relations of the igneous rocks will be discussed in a 
future chapter; but it may be mentioned here, that by con- 
temporaneous trap rocks are meant those sheets of lava 
which have been poured out at the surface on sedimentaiy 
strata, and which are afterwards covered by other sedimen- 
tary strata, while the rising column of molten rock, which 
overflows at the surface, is an intrusive neck which breaks 
tlirough sedimentary strata. But as this column ascends 
under pressure, portions of it may force their way between 
subterranean strata, or into the vertical fissures which may 
traverse them. Thus a single volcanic outburst would, if 
we could see the whole course of the molten matter, illus- 
trate all these phases. The subjoined diagi-am will suggest 
the relations — the space below the horizontal line being 
occupied by stratified deposits ; — 

Crater, 
Contemporaneous Lava Flow. Level of Ground. 



interbedded Trap. ' ^ 



II -"■' 



*•* 



Volcanic focus. 

The contents of rocks, apart from their essential compo- 
nents, are mineral substances which are segregated after their 
consolidation, and organic remains, or fossils. The former 
are the province of the mineralogist; the latter are the 
materials with which the palaeontologist has to deal. 

28. Preservation of Fossils. — The remains of plants and 
animals are either preserved in the places where they lived, 
or are drifted to other localities, and there preserved. The 
completeness of the remains depends on the rapidity with 
wbidi they have been covered up, or on the process to which 
^iej have been subjected. The mammoth was frozen into 
tiie Siberian c^fb, and the bodies. untQuclied \>y OieedbN^ ^^"c^ 
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perfectly preseiTcJ till our own time; men find animals 
buried in peat have been found, shrivelled but entii^e, and 
the tissues, deprived of theii* moisture, may be perfect if the 
body has been exposed to gi-eat heat in a dry atmosphere. 
But for the most pai*t decay has set in before the object is 
covered up, or goes on afterwards; in the latter case, we 
should expect to find the whole of the hard parts preserved 
in their natural relations; in the former case, the amount 
which comes down to us depends on a variety of circum- 
stances. Thus, shell fish dying in great depths of water 
will slowly decay, and only the haixi shells be covered up; 
but tho shells may, in a sandy material, subsequently dis- 
appear, infiltration of water charged with carbonic acid 
dissolving tho calcai^eous matterj and this action usually 
goes on in fresh waters before the shells aix) covered up, so 
that only a layer ot marl repi*esents perhaps a very abimdant 
molluscan fauna. If the mollusc dies within reach of tho 
shore waves, it may be rolled to and fro till it is gi'ound to 
j^owdcr, as iJf it were a pebble. Animals dying on land are 
either eaten up by other animals, or decay disintegrates even 
their skeletons, while the hardest pai-ts may be washed into 
rivers, rolled to and fro, and finally entombed in a veiy 
mutilated state. If the caix;ase is at once carried off by a 
stream, it may bo partly devoured as it floats, and fi-agments 
ot the skeleton may thus be dropped at intervals, leaving 
curious puzzles for the zoologist. Icebergs every year float 
from the extreme north, cai*rying away Arctic animals which 
could not escape, and whose remains are scattered over tho 
sea floors of temperate or even sub-tropical regions. Dr. 
Buckland experimentally demonstrated the reason for the 
comparatively largo nimiber ol lower jaws of vertebrated 
animals contained in fossiliferous strata. These bones have 
very slight attachments to the tioink, and di*op off therefore 
easily. If we knew the exact equivalents in time of the 
jaw-containing strata, we might find the remains of their 
skeletons, and thus combine into one parts which, in their 
fragmcntaiy sti^ata, have been referred to different genera. 
La^ numbera of animals ai^ sometimes found entombed 
together, killed probably in shoals by floods of fresh water 
f ourod into the se% or by outbursts of springs charged witlj 
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noxious substances; these two phenomena having occurred 
in recent times in the Bay of Fundy and in the Indian 
Ocean. The Fampean mud contains vast quantities of 
Tnammalfl which have sunk in the swamps, and been trampled 
down by those which followed, eager to drink after-droughts. 
Of animals which contained no firm parts, no remains can 
be expected to survive; yet even of the gelatinous jelly 
fishes or medusse, the casts have been preserved in soft sedi- 
ments with sufficient perfection to allow the zoologist to 
determine their affinities. But these are exceptional cases, 
and the paucity of the remains of inferior invertebrates is 
doubtless due to the extreme softness of their tissues. The 
zoologist, therefore, is deprived of an important kind of 
evidence on which to rest his speculations as to the succession 
of life. The tissues may be preserved, retaining their 
original chemical composition; but they may undergo meta- 
morphiam, thus the carbonate of lime in stone lilies and 
bivalve cdiells may be crystallized in the characteristic 
rhombs, the form of the shell being retained. The material 
may entirely disappear, being replaced grain for grain by 
other matters: thus plants and animals may show all their 
finest structure in silica, or the structure may be lost while 
the form is intact, if grains of sand have taken the place of 
the organic substances. 

The value of fossils is twofold; they may serve as guides 
in the identification of particular strata, the definiteness of 
their forms giving them high value for this purpose; or 
tiiey may afford the biologist the means of filling up his 
scheme of the classification of plants and animals, their study 
being then an integral part of botany and zoology. The 
interpretation of fossils, then, is not a mere mechanical 
process, but depcShds for its value on thorough knowledge of 
the nesrart living kindred of the extinct forms. The general 
tables of the succession of fossiliferous strata were based for 
the most part on the more mechanical investigation of fossils. 
But fuller knowledge has shown that tables so constructed 
do not tell all the truth. Thus it is quite correct that tho 
silnrian strata contain fossils on the whole distinct from 
those of the old red sandstone, still more distinct from those 
of the carboniferous. But Professor Bamsay hsA ^oixitAd Q^it 
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that oven the subordinate members of the silurian series are 
RO|varateil from each other by gaps of great importance. He 
has tabulated the Silurians as follows, from above dovm- 
MTuixls : — 

WtNLocK Shals. 

Break and strong unconformity. 

VrrRR Llahdovery Beds. 

Break and decidod unconformity. 

Lower Llandovery Beds. 

Largo break, especially in species, and probable uncon- 
formity. 

Llakdsilo and Caradoo Beds. 

Broak very nearly complete, both in genera and species, and 
(u^obablo unconformity. 

TaiUiADOo Slate. ' 

Br«ak very nearly complete, both in genera and species, and 
probable unconformity. 

LlKOUUL FULQS. 

Groat difToroncea in the fossil contents of two successive 
ffrouits of stnvta are, in some cases, associated with uncon- 
formity, luid Uiis, as has been explained, means repeated move- 
ment of the inferior mass of strata with some amoimt of 
denudation, the whole representing the lapse of a considerable 
period of time, and a correspondingly gi^eat change in the 
phyaioal geography of the region. Again, he has shown that 
the lower greensand contains 280 species of animals, of which 
233 are peculiar to it, while 57, or 18 per cent., are found also 
in the up|)er cretaceous. Unconformity accompanies this great 
breMc in the succession of life, and the 182 species not found 
In England migrated, or were destroyed by the geographical 
change. Again, the occurrence of recognised terrestrial con- 
ditions in tJiiis and other areas, as during the cambrian, old 
red sandstone, upper cai*boniferous, part of the permian, 
trias, weald, and eocene times, presents so many interru|>- 
tions in the succession of the marine life, on which our 
classifications were almost exclusively based. 

What, then, is a formation ? The evidence points in the 
direction of an important change in our conception of that 
phrase. Whereas, formerly, the idea of time was inseparable 
from it; whereas, formerly, a formation meant a group of 



deposits laid down during a particular period, and the next 
OTeriying formation laid down during the succeeding period, 
the observations and speculations of Ckxiwin Austen, E. 
Forbes, Huxley, and Bamsay, on the older rocks, and the 
remarkable results obtained by Carpenter, Wyville Thomson, 
and others, in deep sea soundings at the present, indicate 
what may be called an overlap of formations, the most 
obvious consequence of which is that they no longer represent 
a perfectly definite chronology. The principle has already 
been conceded by the Geological Survey of the United 
Kingdom in the case of the old red sandstone or devonian, 
for ^ese formations are thus arranged on the table published 
by that department : — 



Carboniferoai. 






i Upper Old Red Sandstone, .atf n««-» am o-^ a.tt<i«fAn. ■« $* Upper Derotiian. 

^Mito. Old Red Sand.tone.|*SSJr OM SS £SdItoSe'1 "^^i^^^'* Devoiiian 
1 L(m«r Old R«l SandsUme. §5 ^''•' ^^ ^^ 8aod»toiie. § ^ ^^^^ Devonian. 

Silurian. 

Two perfectly distinct kinds of sediments and types of 
animals, represent two perfectly distinct geographical areas, 
the one continental, the other marine, which co-existed during 
the interval between the silurian and the carboniferous ; we 
have here, therefore, a good case, illustrating the geneml 
proposition that formations represent geogi-aphical areas, not 
periods of time. Again, the wealden land existed befoi*e and 
after the set of deposits, which now preserve its debris, were 
laid down, and the iajct might be represented in a table, 
thus: — 

Tertianr. 
Wedden Land. j fc ^^f^' 

The wealden land merged into the tertiary, just as it was 
itself the direct continuation of the purbeck lajid; or again, 
to take marine deposits: 

-v^m^^^ a^— Exiating Continents. 

^°J^°f»t^ Tertiiu? Continents. 

CieiMeons Seas. WealdwiUnd. 
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It may he a long time yet before the details of these re- 
lations are elaborated. But it is right to set before the 
student such a general view as may enable him to understand 
the drift of modern investigation, and to appreciate the con- 
nection which exists between th6 geography of to-day, and 
the geogi-aj^hy of former periods. 



CHAPTER II. 



SECTION I— CONTINENTS. 

Their Areas — Homomorpliisin — Coast lines: their Homomorphism ; 
Mountain Chains Parallel to Coast Lines — Evolutions of Conti- 
nents: Great Britain; North America — Persistence of Deep 
Oceans — ^Theory of an Insolar Period — Influence of Variations of 
Land and Water Surfaces on History of Man. 

The surface of the globe is divided between land and water, 
the latter covering an area nearly three times as large as that 
of the former. The approximate measurements for the land 
being 51 millions of square miles, for the water 146 millions 
of square miles, makes the total area of the globe 197 
millions of square miles. The ratio, on this calculation, is 
1:2-8; the proportion given by Sir Charles Lyell, on Mr. 
Saunders' authority, is 1 : 2*42. 

29. Areas of ContinentB. — ^The land is iiTegularly distri- 
buted : V The greater moss is found in the northern hemi- 
sphere, and in fiiat portion of it which lies between 40° W. 
Ion. and 150° £. Ion., the area thus indicated including the 
European and Asiatic masses. 2° The great blocks of land 
have their northern extremities massive, while they taper 
towards the south. 3° The mean elevation of the continents 
follows generally their horizontal dimensions. The following 
table gives some of the measurements adopted by various 





Average Hei^^t. 


Area in Sqnare Miles. 


Coast Line. 


Earope,. . . . 

A»u^ 

America^ . . 
Europe,.... 


<J70 WO) 1010 
1160 1080 ' 

030 870 

C70 630 
ICOO 

600 


17,200,000 

10,000,000 
8,550,000 

11,511,000 
8,418,000 


14,128,000 

10,60S,C0O 
2.088,000 
8,720,000 
2,208,000 


17,000,000 

14,000,000 
3,400,000 

11,300,000 
8,500,000 


30,800 

47,000 

17,200 

14.000 

7.000 


33,000 

44,500 

20,000 

10,500 

7,000 
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-writora ; they are thus tabulated to show the range of 
Taiiations between calculations, which are, after aU, mere 
approximations. 

Inspection of a map or a globe will show that the land 
and water are inverse to each other in ratio as well as in 
form in the two hemispheres. All the continental masses, 
including Australia, have their greatest breadth towards the 
north, and this tendency is apparent even in both divisions 
of the American continent. Hence the northern circumpolar 
land may be said to be prolonged in wedges southwards, 
while the great water circle of the southern hemisphere 
presents corresponding alternations towards the north. 

30. Homomorphism. — ^The similarity in form of the conti- 
nental masses is one of those resemblances which have been 
spoken of as geographical homologies; but the importation 
into geography of this anatomical phrase is unfortunate, since 
we are not yet in a position to affirm that the forms have 
been impressed in all cases by the operation of the same law, 
however probable it may be; and we know that neither in 
point of age nor geological structure, are the continents 
identical. As, however, a compendious tenn is required to 
express this relation of similarity, homomorphism is less open 
to objection, and it is used in the following pages because it 
implies no theory, and would still continue applicable even 
if a imiform cause were demonstrated. 

31. Coast Line. — The greater breadth of continents at 
their northern extremities, and their attenuation southwards, 
are obvious, and are earned out even in considerable detail. 
Thus N. America and S. America repeat the same figure: 
in both the eastern shoulder projects, culminating in Cape 
Charles in Labrador, and Cape St. Roque in Brazil. Africa 
projects westward, tlie coast line between 10° and SO"* N. lat. 
overhanc^ing the Gulf of Guinea. Thus the S. Atlantic basin 
18 bounded by two masses of symmetrical form, save that 
their leading featui'es are not under the same parallels of 
latitude. The Red Sea separates Africa from Ambia, and 
the latter country is again separated by the Persian Gulf 
from Persia. Arabia, moreover, has a north-westerly angle, 
the Muscat peninsula, which repeats the Somali prominence 
of Afnoa, so that the entrances to the Red Sea and the 
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Persian Coif present the same angular foim. Cape Comorin 
terminates a triangular area, which the yalleys of the Indus 
and the Ganges nearly separate from Centrsd Asia, and the 
Malayan peninsula gives numerous examples in detail as 
well as in its general form of the same triangular shape. 
Aastralia is at present separate from Asia, but there is suffi- 
cient evidence tiiat this separation is of comparatively recent 
date, according to the geological standard of time, though in 
the ordinary language of men it is of very remote antiquity; 
and, bearing this in mind, it is clear that the Pacific Ocean 
is in reality bounded by two homomorphic masses, the main 
axes of which are paiallel, the Centnil American isthmus 
finding its counterpart in the isolated lands of Sumatra, 
Java, and Timor. The axes of these masses — not the leading 
mountain chains, but the lines equally dividing their area — 
are meridionaF, those of S. America and Australia curving 
westwards, N. America and Asia eastwards. Europe is execp- 
tional to what at first appears the rule, that the northern and 
southern masses have contrary inclinations, since that mass 
of which Spain is the south-western extremity has, at least at 
present, its axis convergent with that of Asia. Other excep- 
tions are found on a minor scale, the land pyramids of the 
northern Mediterranean shore having their axes irregularly 
disposed, and rarely meridional. The homomorphism of land 
masses ^en, strikkig as its leading features ai-e, cannot bo 
maintained as an absolute rule, llie exceptions are due to 
the irregular lines along which those influences acted to 
which the form and character of the coast line may be traced; 
and in the coast lines of various countries homomorphism of 
another kind may be detected. 

The extent of coast line of the principal masses of land 
has been stated in the table. Art. 29. Not much importance 
can be attached to these figures from a theoretical point of 
view. The configuration of the coast depends upon the 
geological structure of a countiy, upon the length of time 
during which it has been exposed to denudation, upon the 
nniformily or variety in hardness of the rocks, on the influ- 
ence of prevailing winds and marine currents, the amount of 
ndn&Uy or the presence of ice — in short, on all those circum- 
(rtanoes on whidi depends the wasting or denudation of th^ 
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dry land. The uniform outline of Africa and Australia i3 
analogous on a large scale to the configuration of the east 
coast of England, where the sea line, being formed of rocks 
comparatively homogeneous in texture, shows notable inden- 
tations only at those points where streams reach the sea from 
the interior. Again, the seiTated coast lines of Norway, 
West Scotland, and Ireland, and of western S. America, tell 
not merely of similar conditions as regards atmospheric waste, 
meaning thereby tho influence of rain, rivers, and ice, but 
also of similarity in the texture of the rocks themselves, 
which are, in all these cases, highly disturbed and altered 
strata of unequal hardness, and disposed in layers at con- 
sidei^able angles, often at right angles, to the horizon. The 
characters of the coast line are those of the general surface 
of the country; a generalization which only expresses in 
other words the fact that the features of the sea bottom are 
those of a former dry land now submerged. This relation of 
the submarine valleys to those of the dry land will be more 
evident when the origin of valleys has been discussed; mean- 
while the student may satisfy himself, from the atlas, that 
the intervals between the islets off the coast of N. and S. 
America, of Norway, Scotland, and other countries with 
similarly rugged outlines, may be referred to prolongation of 
the river courses of the dry land. 

S2. Hountain Chains Parallel to Coast Line.— Consider- 
able importance has been attached by geographera to the 
fact that, in a large nimiber of cases, the leading mountain 
axes are close to and parallel with the coast lines. Thus, 
the American continent is ti'aversed by a neai-ly continuous 
line of mountains; Scandinavia has its line of heights towards 
the western shore. The margins of the S. Africiin central 
basin are elevated; the Australian highest grounds are on 
the eastern shore. But the exceptions ai^ more impoi*tant : 
thus, the European Alps have no obvious relation to a coast 
line ;^ the Himalayas are far from the sea; the transverse 
chain which, there is good reason to believe, traverses Equa- 
torial Africa, is neither close to nor parallel with any 
adjacent shore at the present time, though it was close to 
the margin of the geologically recent Sahara Sea. The 
position of the highest grounds is for the most part capable 
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of explanation by reference to Hie geological history of a 
coontry; for, though it is not in all cases possible to follow 
the evolution of the continents, still a few instances occur 
ia which the course of events is tolerably clear. 

33. Evolution of Continents. — On the geological map of 

the British Islands (Students Physical Aihs, PI. XX), the 
bands of colour which represent the formations have con- 
siderable regularity. The oldest rocks, the laurentians, are 
found in the north-west in the Hebrides, and these are 
themselves formed out of the debris of pre-existing diy 
lands, whose position, however, we cannot iK>sitively deter- 
mina Probably it was to the west and north-west, in the 
position of the present Atlantic basin. This at least is cer- 
tain, that the next succeeding formation, the cambrian, licB 
in hollows on the surface of the laurentian, and that these 
together formed the floor and shore, on and against wliich 
the Silurians were deposited eastwaixls and southwards. Tlie 
inland seas of the old red sandstone represent another eleva- 
tion of the sea floor along a I^I.K and S.W. line, the regu- 
larity of which is, however, broken by the valleys, into 
which rain and rivers had fashioned the plain of marine 
denudation, and the senu-continental area luid on its south 
shores the seas in which the devonians of S.W. England and 
Germany were deposited. Prior to this time, by inequalities 
of movement and by denudation, the Silurians had been 
divided into isolated masses, those of Scotland forming three 
bands, imperfectly parallel: the one to the N.W. of the 
Caledonian Canal; the next the wedge whose apex is sea- 
wards towards Donegal Bay, and which is separated by the 
broad middle valley of Scotland from the southern uplands. 
This* Silurian mass has its axis prolonged into Ireland, and 
the hog-backed ridge it presents sinks down to the N.E. and 
S.W., and is there covered by the later formations. But 
already Scotland had undergone more elevation than England, 
for the upper Silurians, which in England had been laid 
down aroimd the emerging lower Silurians, are not found in 
N. Scotland, and, in the south, fringe the great bank of land 
just mentioned At the Pentlands, S.W. of Edinburgh, at 
Lesmahagow and Girvan, on the north side of the lower 
silarian tract^ and near Kirkcudbright on the south, tho 
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upper Silurians rest unconformably on the lower, the latlel? 
having therefore been disturbed and elevated — ^perhaps thej 
even formed an island — before the deposit of the former. The 
slow submersion and re-elevation of the area during carbon- 
iferous times, did not disturb the relative heights of the two 
countries; at least the marine carboniferous rocks of Scotland 
have more the character of shore and shallow water depodts 
than those of England. After the partially continental con- 
dition which characterised the close of the palaeozoic and the 
commencement of the mesozoic periods in this area, there is 
a steady change in the axis of elevation of the shore line, 
and the colour bands describe a curve the convexity of which 
is towards the S.E., while the axis of the tertiaries is east 
and west, as are the axes of the latest elevatory movements 
in this part of England. In general terms, therefore, the 
land has grown towards the S.E., and the hill ground on the 
west has come to border the coast line, because the lower 
gi'ound in that direction has partly subsided, and partly 
been I'emoved by denudation, A similar history of develop- 
ment is furnished by the eastern portion of the N. American 
continent; but though the laurentian rocks, the first sedi- 
mentary deposits formed on the shores of unknown lands, 
form a much more complete series, the rocks subsequent to 
the carboniferous are not so varied as in Britain. The thick 
sedimentary strata of the Appalachians contrast with the 
thick limestones on the west of the Mississippi basin, and 
indicate the position of land to have been out towards the 
Atlantic. But though this ocean was formerly the site of 
extensive dry land, it does not follow that it ever foi-med 
one continuous continent. The probability is, that the 
changes to which reference has been made left a central 
valley always under water, that the shores of the ocean have 
advanced and receded, but never effaced the intervening 
trough. Paleeontology and physical geology agree in main- 
taining the all but certainty of a continuous land having 
connected S. Africa with N. Europe since the tiias. The 
peculiar reptiles are of the same types, and the necessity 
for them of a land surface on which to pass from the one to 
the other locality, has compelled investigations which have 
resulted in the above-stated conclusion. But it does not 
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follow that the land was as continuous as it is now; the shift- 
ing of the continent may have been slow, but the migration 
hds been permitted, perhaps compelled by it — just as in more 
recent times, the shifting land of the Pacific has isolated 
the Tasmanian, who could not even build a raft, from his 
kindred in New Caledonia. The land on which the trees 
and the gigantic lizards of the weald flourished stretched 
from western England across Biscay into S. France, and the 
chalk ocean deep to the north shoaled as it approached the 
Pyrenees. 

84. Insular Period. — Conjectures have been formed as 
to a former insular condition of the northern hemisphere 
during the carboniferous period ; but it is now satisfactorily 
ascertained that the facts of that period are more intelligible 
on the theory that the land was continuous, and that the 
archipelago of small islands assumed to have existed would 
have involved a departure from the known proportions of 
land and water, for which there is neither proof nor analogy. 
In his Principles of Geology, Sir Charles Lyell gives a map 
showing those parts of Europe which have been under water 
since the commencement of the tertiary epoch. It appeai-s 
that very little of Europe has been diy land through all 
that period; but the relations of existing to fossil species of 
aninrntla ahow that the dry land has for a long time occupied 
the same general area. In S. Ameiica the same relation 
holdsy for the edentates of the present day are the represen- 
tatives of the gigantic sloths and armadilloes of the latest 
deposits, and ^q more recent fossils of New Zealand and 
Australia belong to the same peculiar ty|X)s which now 
inhabit that area. 

To admit the extreme antiquity of continents, and to 
believe that the land and water have always exhibited the 
same general proportions, does not necessarily involve denial 
of the possibility of other distributions having existed in the 
remote past; but the doctrine of unifoimity requires proof 
of any departure from the ratios which, so far as our know- 
lodge goes, have existed from the beginning of the fossilifer- 
ous strata; and the doctrine of evolution, which is only a 
particular case of the law of uniformity, leads us to seek in 
the geol(mcal changes of the past an explanation of the 
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geography of to-day, tlioiigh we may not always be able to 
tmce all tbe steps. The existence of the Atlantic as a deep 
water area, at least since the chalk formation, is one of the 
things proved by the N. Atlantic exploring expeditions, and 
the chai-actcristic fonns of the Atlantic oaze have been 
recognised by GUmbel in limestones of the palaeozoic period, 

85. Influence of Variations in Land and Water Surfaces 
on History of Han. — ^Tlie importance of the facts mentioned 
in this chapter is considerable as bearing on the history of 
man. The greatest amount of dry land is situated in the 
tempemto regions, which are thus occupied by the most 
active members of the human I'ace, to whom they yield the 
moat abundant supply of animal and vegetable food, climate 
and soil )>ormitting the adoption of methods of continuous 
cultivatit>u inipnicticable in warmer regions. Tlie coinci- 
dmico in the tompi'i'ate regions of the chief subten^anean 
Btorc»s of iron and coal, has further contributed to render 
those aivaa the most important in the history of the world, 
since they are at once the chief seats of commerce, and are 
in possession of the means of conveying their wares, and of 
producing the arms by the use of which the spread of com- 
merce and civilisation is accompanied. The continuity of the 
Europeo- Asiatic continent permitted the uninterrupted spread 
of tlie various families of mankind, and their almost universal 
diffusion over the whole area has reduced to very small dimen- 
siims the tracts occupied by the comparatively uncivilized 
l>eo]>les of the exti'eme norUi and north-east The isolation 
of tlio southern continental masses, on the other hand, has 
he]i)ed to maintain the trilies living in their southern extremi- 
ties in a state of low civilisation, the condition of the South 
Africans and the Tasmanians being alike extreme cases — the 
one being cut off from his northern neighbours by tracts of 
desert land, the other by a sea which he had not the means 
of crossing. It must of course be borne in mind that 
between the northern and southern peoples constitutional 
differences exist, but these do not explain all the fi\cts for 
which physical conditions supply the necessary key. 

The intersection of the coast line by numerous indentations 
as m Scotland on the smaU scale, in the Mediterranean on 
%ho large, helps to diminish the distance of the interior from 
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tke sea, and to render intercourse easier. Where, as in 
the West Highlands, neither the soil nor the |>eo])le were 
adapted for commerce, the natural features only made clan 
vaiiare easier; but the noi-them shores of the Mediten-ancan 
rendered possible the creation of the vast empires, rich in 
commerce, and powerfid in war, the ruins of which are still 
grand. 

Thus the geological structure of a country, its antiquity 
08 a continent or part of a continent, and the nature and 
amount of the external influences to which it has been ex- 
posed, have an important influence on the history of man. 



SECTION II.— ISLANDS. 

1' Islands — Dismemberment of Continents — Australia— Malaya — 
Polynesian Islands— Great Britain — 2" Islands, directly or 
indirectly due to Volcanic Action — Coral Islands — Keefs — 
Barriers, and Atolls — Volcanic Islands — Submarine Gravel 
Bonks. 

86. Deflnition. — The distinction between continents and 
islands is arbitrary, both being masses surrounded by water, 
and inequality of size does not constitute a true difieronce. 
The artificial character of the distinction is fui-tlier apparent 
when chains of islands, as the Hebrides, even Great Bntain 
and Ireland themselves, New Zealand, New Caledonia, and 
New Guinea, at the Antipodes, are foimd to be successive 
dismemberments of the adjacent larger masses of land. The 
elevation of a limited portion of land till it projected above 
the surface of the sea would constitute an island, which, 
though still — as a matter of definition — in the same category 
with a continent, belongs to a difierent gi-oup from the 
isolated masses formed by the oitlinary dismemberment of 
])art8 of a coast line. It has been proposed to separate 
islands from continents by reference to the form of the sur- 
face, a continent being a land mass, with an inner basin, like 
Africa or Australia. But this is practically to make an 
exception the rule. The African continent exhibits an 
pnusually lai^ ai'ea^ for its size^ of hovia^ntial ^tvata^ and, 
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the denudation of these has left a central basin, by processes 
which have occupied long periods, but of which we do not 
know the details. The disturbed sti^ata of the British Islands 
and of Canada, though equally ancient as continents, have 
not assumed a basin form, which, indeed, was incompatible 
with their structure. 

87. Classiflcation. — Islands fall naturally into two groups, 
those which have been part of continuous land, and those 
which have a different origin. It is anticipating what will 
be said in a following section, but it must be premised that 
the contour of the sui*face of the dry land is prepared either 
by movements proceeding from the interior of the earth's 
crust, or by operations taking place on its surface, and these 
two phenomena find their extreme illusti*ation in the develop- 
ment of islands. 

The two groups are — 1. Islands which were once portions 
of continental lands. 2. Islands which never were portions 
of continents, but which may become associated with them 
by extension of the mainland. 

38. Islands once part of Continents. — The first group 

embraces a veiy large seiies, the majority of existing islands, 
which are ca2)able of an approximate chronological classifica- 
tion by reference to the plants and animals they contain. 
Thus, Australia represents a very ancient separation from 
all other lands. The animals which it contains, marsupials, 
oi-nithorhynchus, and echidna, once had a much more exten- 
sive diffusion over the globe, their fossil remains being found 
in the mesozoic strata of Europe and America. At present, 
the opossum family (Didelphidoei) are the sole representa- 
tives of the marsupials beyond the Australian area, and they 
are found in the Southern States, in Central America and 
the noi-th pai-t of South America. The i-emaining ordci-s, 
the omithorh3nichus and the echidna ai-e confined to that 
area which includes New Guinea, New Caledonia, New 
Zealand, Tasmania, and Austmlia. If, on the map, a line 
be cU-awn from the N.W. extremity of Celebes to the N.E. 
extromity of New Zealand, and if the axis of the latter be 
prolonged to intersect a line di-awn from Adelaide on the 
south coast of Austi-alia, so as to touch the western shoi'es of 
Tasmania, a pjrmmidal aroa^ with its aj>ex at the Macouari^ 
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Islands, will be described, which corresponds to the position 
and form of a continental mass, similar to tlie Africa of the 
present time. The north-western boimdary of this continent 
would be forme<l bj a line connecting Celel)es and Western 
Aastralia, and passing through the strait between Lombok 
and BolL Of this continent, the islands included within 
thin area would be the surviving representatives, while many 
of the islands lying to the north and east of the limits here 
given ought, probably, also to be included The definition of 
this ancient continent is based by Wallace on the distinct- 
ness of its fauna from that of the immediately adjacent 
Asiatic continent; and if we take into consideration the 
resemblance of the land and marine forms of this region to 
those of the mesozoic strata of Europe, good reason will bo 
found for accepting his conclusion that these South Pacific 
Islands are the fragments of a continent which occupied an 
extensive area at a time when an open ocean occupied the 
place of South-Eiistem Asia. On the other hand, the deep- 
water sea channel which skirts the western shores of Celebes 
and Lombok has, on its western side, a gi'oup of islands, tho 
animals of which manifest the closest agi'cement with those 
of Asia, and prove their recent separation from that mass of 
land. A plan is subjoined of the Malayo-Polynesiiin Archi- 
pelago, for the purpose of showing tho leading lii\es of tho 
insular groups, lines which may yet prove to have been deter- 
mined by the leading features of the earlier contment from 
which they became detached. Tho lines curve eastwards in 
Java, Sumatra; and though these islands lie to the east of 
that ancient deep channel fixed by Wallace, it is important 
to note that the outline from New Zealand conforms to tho 
lines of high groimd in Eastern and Central Africa. 

Madagascar, tliough 8ei)arated from Afnca by a channel 
of only 300 miles in width, has a fauna so peculiar as to 
suggest the extreme remoteness of its separation from the 
adjacent mainland; while Britain agrees so closely with 
Europe in its animal and vegetable inhabitants as to sug- 
gest, independently of other evidence, its recent isolation. 
Further, tho common characters of the types of life found on 
its western shores with those of Scandinavia, on its south- 
western ix>rtiond with those of the Iberuvn peninsula, and on 
23 ^ 
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its eastern shores with those of Central Europe, siiggesu not 
merely a recent, but a direct connection with the varioiia 
regions named; and an inspection of a submarine chart 
informs us that the United Kingdom projects from a sub- 
marine plateau less than 100 fathoms in depth, the limit of 
▼hich extends from the north coast of Spain, round and 
beyond the west coast of Ireland, the Hebrides, and the 
Shetland Islands, passing thence to the Gulf of Christiania, 
and skirting the Norwegian coast to the north {Student*a 
Physical Atlas, PL 11. ). Physical and zoological evidence 
thus concur in demonstrating that Great Britain and Ireland 
are islands recently detached from the mainland. Applying 
the zoological test, the greater difference of the fauna of Cor- 
sica and Sardinia from that of France, indicates a greater 
antiquity for these islands than for Britain, and thus a 
graduated scale may be constructed between Britain, in 
which the variation of species is slight, to Ceylon and Tas- 
mania, in which the number of peculiar forms is progressively 
greater,^ 
39. Islands Directly or Indirectly Due to Volcanic 

Action. — ^The second group of islands includes two distinct 
types, those which are obviously of volcanic origin, the rocks 
crff which they consist being volcanic products of various 
ages, and those which are indirectly due to volcanic action. 

The Coral Islands of the Pacific Ocean may be taken as 
the most convenient illustration of the latter class. Tlio 
general conclusions to which their study by Darwin, Dana, 
and others leads, are, that the coral reefs are very slowly 
built up, the growth being estimated variously from ^ of an 
inch to jj^ of an inch in the year. Allowing for tiie im- 
portant help given by shell fish and other marine animals 
with calcareous investments, -^ of an inch is a large estimate, 
and gives one foot in two hundred years. But as the 
zoophyte, which secretes in its walls the limestone skeleton, 
requires a certain depth of water, of which the lowest limit 
is, on an average, twenty fathoms in the open ocean (though 
a greater depth is possible in warm waters, as of the Rod 
Sea) to enable it to live luxuriantly, and as the species 
have Teiy di£feient limits of depth, it follows that the ooral 
may conturae growing onlj 8o long- as any chan^ which 
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may take place in its relative level is very slow, a sudden 
elevation or depression being fatal to it. The presence of 
^eat coral reefs on dry land, as in Florida and the Ladrone 
Islands, indicates the elevation of the surface on which the 
mass grew; and taking coral debris, not coral reef, as the 
test of elevation, a relative change of level is certain if the 
debris is found in quantity at and over twenty feet above 
high tide mark, that being the general limit of storm- 
heaped accumulations. That depression has occmred is 
proved by the separation, by a deep and wide channel, of 
a coral reef from the island to which it is attached, by the 
existence of atolls, and by the discovery of atolls beneath 
tlic Ruiface of the sea. The atolls or lagoon islands are more 
or less complete circles of coral reef surrounding a basin of 
Bait water, in other words, representing a barrier reef, the 
island round which it grew having gradually s\mk and dis- 
appeared, while the downward movement has not exceeded 
the nite of upward growth . of the coral. If subsidence con- 
tinues long, tlie upward growth of the coral will diminish the 
size of the lagoon, the place of which may come to be taken by 
a very small coral island. Thus the paradoxical statement is 
time, that the small size of a coral island may be proof of its 
antiquity. Recently emerged islands are necessarily destitute 
of vegetation, and time is requii'cd before the waste of the 
coral provides a soil on which plants may gi*ow. The intro- 
duction of seeds may have taken place by their drifting from 
some wooded island, by theii* being earned in the soil lodged 
in hollows of driftwood, or attached to the feet of birds, or 
dropped undigested by them. The amount of life is small in 
such islands, and the variety is not great, but the distinct- 
ness of the species from those of adjacent lands is often 
extreme. 

The barrier reefs and atolls have usually one or more 
"openings, leading into the enclosed water. These correspond 
to the position of streams descending from the island during 
its submersion, the coral not growing at these points where 
water, charged with impurities, flowed over its surfjice. 
Dana finds in the irregular outline of the islands another 
proof of subsidence; for, the valleys having been formed by 
streams, and the notches with which they indent the coast 



being produced while tlie island is above the water, tlio 
existence of irregularity of oiitline shows that submersion lias 
not lasted long enough to allow the sea to smooth away the 
inequ&lity. 

The lands on which the reefs grow may be either volcanic 
or, as has been said, may be a fragment of a former continent. 

Volcanic islands are either entirely composed of volcanic 
material, or of volcanic and sedimentary materials combined. 
And in the latter case we may again recognise a distinction, 
the volcano, in one case, being the centre around which sedi- 
mentary materials have accumulated, in the otlier an orifice 
opened from beneath in the midst of pre-existcnt sedimentary 
strata. 

Such islands as Saint Paul's, Amsterdam, and, above all, 
the temporary Graham's Island, are examples of the typical 
volcanic island, the genesis of which seems to be traceable in 
the shoaling of the Atlantic basin along a line connecting the 
most westerly point of Africa with the most easterly point of 
S. America. That actual elevation of the sea floor takes place 
is unquestionable; but in Graham's Island, and in the sub- 
marine Atlantic formation, we liave evidence of that other 
method of raising a cone by the suj^erposition of lava and 
ashes which have been poured out from a crater. 

The north-eastern peninsula of Celebes furnishes an ex- 
ample of the fusion of an originally distinct volcanic island 
witii an adjacent land mass, the elevation of both ending in 
the ultimate jimction of their bases at and above sea level. 

The volcanic islandfi of greater antiquity, as Madeira, 
Teneriffe, Sumatra, Japan, exhibit eveiy gnxdation from 
those of which the volcanic rocks form the nucleus, to those 
of which they are, so to speak, only later accidents. The 
animal and vegetable population of these islands suggests 
sundry very complicated problems, which we are not yet able 
to solve, the distinctness of the faunas of Madeinv, Porto 
Santo, and the Azores, not being explicable, save by the 
conjecture that they have been separated for very long 
periods of time, during which important specific variations 
have been brought about. 

40. Submarine Oravel Banks. — ^Tlie last point which 
remains to be noted regarding islaiida ia t\\^ f^N\$kivQQ of 
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their ultimate disappearance. On the charts of the English 
Channel, shoals occur which are " awash," that is to say, 
level with the suiface of the sea; others are at various depths 
beneath the surface, and on these accumulations of gravel 
are found, proving their submersion. For gravel, the coarse 
detritus of land, is a shore accumulation, and when it occurs 
in patches at some distance from land, it obviously could not 
have been transported, but must have been formed where it 
is found, and in the case of Jones' Bank, must have been 
formeil on the shore of an island, of which that shoal is the 
submerged rcpresentiitive. 



SECTION ni. 

Tvelief of the Dry Land— Its Features dependent on External Agents 
and on Subterranean Movements — Plane of Marine Denuda- 
tions — Valley Fonnation — Hilly Districts of Britain— ^Transverse 
and Longitudinal Valleys — Shapes of Valleys — Sections Pointed, 
Truncated, and Rectangular, or Evenly Curved — Remains of 
Older in Newer Valleys — Axis of Elevation does not Remain in 
Centre of Land Mass — Hills and Mountains — Sand Dunes: 
Gravel Mounds ; Moraines — Linear Directions of Chains : Scan- 
dinavia; Ourals; Pyrenees; Alps; Asia Minor; Asia; Africa; 
America — Axes of Elevation not Pai-allel — River Valleys in 
England — Western Escarpment of Mcsozoic Rocks — Forms of 
Hills : Rounded, Serrated, Precipitous — Cliffs — Escarpments: 
their Origin by Denudations, not Faults, nor Marino Action — 
Grouping of Hills into Chains — Table-Lands. 

41. Relief of the Dry Land. -— Hithei^o the horizontal 
ai ea of the dry land has been considered. We turn now to 
consider the varieties of surface which it presents. The 
relief of its surface depends on two influences : the upwaixl 
or downward movements which originate within the ci-ust of 
the caitli, and the denudation which sea and atmosphei-e 
unite in producing, while local modifications are the result 
of volcanic outbui-sts. What is above the surface of the sta 
i'Af however, the Siime in all essential character with what 
is below; the land of the present time has been at fomier 
l)eriods the floor of ocean, and the sea-bottoms of to-day 
will in time appear, in their tuni, as dry land. We are thus 
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enabled to take a oomprehcnsiye view of the features of the 
hud, and to reduce the phenomena of land and Bubmarine 
nir&ce to one general law. It has been found convenient to 
treat of islands as distinct from the continents. In discuss- 
mg the contours of the land the distinction disappears. 

4S. Subterranean Movements. — All rocks that are 

neither volcanic in their origin, nor, like coral reefs, due to 
the direct action of animals, are sedimentary, their primitive 
aspect being sometimes obscured by that change of chcniicid 
composition and texture which is known as metamorphism. 
The land having been accumulated under water, bad its 
materials at first arranged in definite order. That order may 
have been disturbed by subterranean movements, whereby 
the strata have become tilted, crushed, fractured, and other- 
wise disarranged, and the mass may not bo elevated abovo 
the sea till these changes have taken place. But if such a 
disturbed mioss comes within the influence of the waves, 
denudation smooths off its asperities, and it finally emerges 
from the ocean with an even surface. The strata, if elevated 
without disturbance, likewise emerge with an even surface, 
and this we must take as the starting point in our investi- 
gation of the features of the land. 

48^ Plane of Harine Denudation. — Though even, the 

surface is not necessarily flat, probably never is flat, but 
presents a gentle slopo from a ccntnil position, slightly 
elevated, if we suppose a mass to be raised (7e novo from 
beneath the sea. If the mass is nearly circular tho Bloi)e 
will be quaquaversaly that is, in all directions from tho 
centre ; if it is elongated, tho centre "will form a ridgo witli 
opposite inclinations, and sinking at cither extremity into 
the sea. The gentle seaward slope, "tho plane of niariuo 
denudation" (Bamsay), is the result of the horizontal action 
of the waves on tho vertically ascending laud, tho resultant 
of tho two forces yielding a plane whose inclination is pro- 
portional to the speed of elevation on tho one hand, and tho 
intensity of wave action on the other. As soon as land 
appears, moisture descends on it;* and as the mass enlarges 
the moisture increases, so that at last little rills ai*c formed. 
The first drops of water which sought a lower level took the 
shortest route down the slope, that is, at right angles to its 
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axis, and thenccfoi'tli the position of a valley was determinetl, 
which every subsequent increase in the size of the rill deeixjns 
and widens. If two such lills are immediately adjacent, 
the deepening of their hollows renders sharper tie ridge of 
ground which separates them, and thus another series of 
slopes is produced, from which again streamlets descend by 
the shoi-test course nearly at right augles to their axes; thus 
secondary streamlets are formed, and as these go on declin- 
ing their channels, the ridge between them becomes lowered, 
and we may finally have two such secondaiy streamlets flow- 
ing in opposite directions, in what api)ears at first sight a 




Brvnt, receiving tributaries on both sides, flowing in the direction 
indicated by the arrows. The primary tributaries 6, 6, enter 
the mala stream at right angles. The deep^iing of t^e tributary 
valleys leaves between each pair a sloping ridcc which secondaiy 
streamlets descend, as in 6^, 6^. If these eat l>ack the interven- 
ing ridge a connecting valley may result, such as that connecting 
h^, &'. Several of these may unite as at c, and form a valley 
parallel to the main one, from which, as it deepens, it becomes 
separated by a ridge. 

single valley, or one without a water parting. If the deepen- 
ing of the secondary streamlets proceeds more rapidly than 
the deepening of one of the primary valleys, the secondary 
valley may intercept the waters of the primary, and thus we 
may have the princiiml drainage of a district eflfected by a 
chsjmel which is, for a large part of its course, parallel to 
the principal river of the region. In the south of Ireland, 
Mr. Jukes has shown that tlio Bandon and Lee, which appear 
as the main drainers of the distiict, are in reality secondaiy 
streams which have intercepted the primary water courses, 
and at last rejoin a primary valley at right angles to enter the 
sea. Such; in brief terms, is the tjieory of the origin of valleya 
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hy river action, or, in more general terms, by atmospheric 
denudation. It appears, then, that the original contour of the 
oonntsy is that of a flat surfiEtce or plain, and that the hills, 
whether isolated or in continuous chains, are in reality por- 
tions of the original plain, which have been left outstanding 
between grooves excavated by atmospheric denudation. The 
hiUs of a region are, in other words, very rai-ely due to 
elevation, but are for the most part the result of denuda- 
tion. In Wales, Professor Bamsay showed that the piano 
of marine denudation is still recognizable, since a lino drawn 
from the smnmit of Snowdon to the sea would be above every 
)>eak intermediate between the two ends of the line. In 
Scotland, both in the north and south, the same obsei-vation 
holds goody the hilly districts having central, heights which 
are the axes of the original elevations. Thus we have Gi*cat 
Britain divided into six hilly districts : Wales, Cumberland, 
the southern Highlands, the region between the Grampians 
and the Caledonian Canal, and the region lying to the north- 
west of the Canal; and each of these has the same character, 
consisting, namely, of a central principal axis, with a series 
of peaks and ridges gradually descending therefrom. In 
these localities we have on a small scale the same ari*ange- 
ment which is met with on a large scale in other continents, 
namely, the Cumberland hills represent a nearly circular 
mass o£ heights, while the Scottish hill masses are all arranged 
in chains, whose direction coincides with that of the longi- 
tudinal axes of elevation. 

44 Transverse and Longitudinal Valleys.—Tho valleys 

descending from a doubly sloping ridge are tmnsverse to its 
axis, and to any valleys which may bo formed parallel to 
that axis. Madagascar, Sardinia, and some other islands, 
consisting of a simple ridge, exhibit only transverse valleys. 
The map of Scotland, perhaps, best illustrates the transverso 
and longitudinal systems. The mass of high ground, whose 
middle line runs fh>m the Boss of Mull to midway between 
Cape Wrath and the Pentland Frith, is grooveil by streams 
which run generally to W.N.W. and E.S.E. The Sound of 
Mull is apparently formed by two such valleys, which have 
lowered the intervening water parting, till practically a single 
Talloy has been formed. The longitudinal veHeys are formed 
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by the deepening of tributaries at a more rapid rate than the 
main stream; thus the tributaries are intercepted and carried 
to N.E. and S.W., while the continuance of the lowering 
process ultimately lays these two valleys into one, and a 
longitudinal valley is formed, which, if the land is depressed, 
becomes an arm of the sea, isolating a larger or smaller tract 
of country. If such submersion takes place slowly, the 
abi-acling action of the waves planes down the floor of the 
valley, so that on ro-emcrgcnco we should expect to lind a 
Bmootli surface, from which all ti*ace of the original water 
parting has disappeared. The influence of the sea on the 
form of such a valley is exerted in widening it and in smooth- 
ing it down, so long as its floor remains within the action of 
its surface waters: but there is a limit to its operation; for, 
tliough there is evidence that the great valley of the Forth 
and Clyde has been bcneuth the sea, a distinct water parting 
has survived the submersion, and the streams flow in oppo- 
site directions. 

45. Shapes of Valleys. — The water parting in the imagined 
case of a newly elevated ridge, coincides with the siunmit of 
the ridge; but, as the ridge is lowered at the points corre- 
Bponding to the head waters of streams descending in opposite 
directions, gaps will bo formed, and, aa the lowering process 
gu'js on, till at Inst tlic valleys become continuous, the com- 
mon groove will become a i>ass. If a larger body of water, 
or softer strata, enable the stream on one side to eat down 
the gaj) more ra})idly tLan it is being worn away on tlio 
other, the A^itcr parting will become sinuous, and the sources 
of the streams would appear on the map to int'Crlace. 

In tempei-iito regions, the shape of such valleys aa have 
been described, is that of a triangle V, the apex of which 
may in the larger valleys become truncated \ /, the flat- 
tened area representing the alluvial flats formed by the flood- 
boimo detritus. But the action of the stream at the bottom 
of the groove goes on along with the disintegrative action of 
the atmosphere on the liigher part of the walb, a slope being 
thus maintained on either side. In rainless regions, such as 
that of the Zambesi, in Africa, or the Colorado district of 
western N. America, the stream wears down its channel 
vertically, and the shape of the gorge is more nearly xectan- 
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golar I I f the channel of the Zambesi below the falls as 

described by Livingstone, and the canons of the Coloitulo 
district^ sometimes 3000 feet deep, being stupendous examples 
of the power of unaided sti-eams. Such valleys, moreover, 
have their lines very irregularly disposed, manifesting little 
subordination to the axis of greatest elevation in the dis- 
trict. In glaciated districts on the other hand, as in the 
British Islands, the passage of glaciers down the valleys haa 
obliterated the angles, and given the regular curve >^ cbar- 
acteristic of ice- worn channels. The difference of form of 
valleys thus gives a guide to their ago, the convergent slopes 
being peculiar to thoce grooves which have been excavated 
since the ice period, whether on the sides of a hill, or in tho 
glacial detritus with which a wide valley has been partially 
filled up. 

46. KemaiZlS of Old ValleyB. — A river valley for the 
most port has the Bti*eam flowing at its lowest level ; but in 
temperate regions, a river bed is sometimes above the level 
of the lowest point, is in fact scooi)ed out on the side of the 
valley, and parallel to its axis. These exceptional cases ai*e 
confined to ice- worn districts, and suggest that the stream, 
or the glacier, has worn down a new gi*oovc, leaving the 
original stream channel as an index of the amount of denu- 
dation which has taken place since it formed tho solo di-ain 
of the district. In the same districts we often observe that 
the walls of the valley slope in two distinct 
planes on either side; the upper, more gentle 
inclination representing the original form, 
through the floor of which the latter more 
acute angled valley has been worn. 

The abrupt change in the walls of a valley, from gentle 
slopes to ahnost vertical gorges, is a phenomenon chiefly 
associated with glaciation, the gorges being for tho most ])ai't 
rock-worn channels, which the stream has cut for itseli 
since the glacial period, having been unable to wear 
through the detritus with which its old channel had boon 
chok^ up. 

The walls of fiords or submerged valleys, which indent the 
west coast of Scotland, Norway, Ireland, and S. America, 
■re either continuous or interrupted; for i£ ^\i<^ «\x\>TSi^mQ\\ 
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only bring down tlie ridges nearly to the sea level, the coh 
become -jhannv^ls, isolating larger or smaller peaks. 

47. Axis of Elevation. — In the imaginary case of newly 
elevated land, we have assumed that the axis of elevation 
coincided with the middle line of the mass. But this is not 
the case in land masses of any antiquity. In them there is 
a gradual rise from the coast towards the greatest heights, 
and these, as has been already mentioned, are usually foxmd 
nearer to one or other coast line. Thus, in S. America there 
is a gradual ascent on the east side, an abrupt descent to the 
western shore. The long slope may be eitiier uniform, or, 
as is more frequently the case, interrupted by terraces. It 
is usually stated that a long slope on one side has a steeper 
counter slope on the other side; but, from what has been 
said regarding river valleys, it is clear that this general state- 
ment only describes the large valleys whose ridges separate 
them from more recently excavated grooves. The gradation, 
therefore, in point of age among these parallel or intersecting 
valleys, explains the variety of the inclinations, and suggests 
that the lesson often taught to military engineers, the ^ope 
on one side is nearly the slope of the other side, is a riilo 
open to exception to begin with, and still more liable to be 
inaccurate when the action of ice in one, but not in the 
adjacent valleys, is remembered as a not unfrequent event. 

48. MountaiiiB and Hills. — The low imdulations of a 
country which has been abandoned by the sea, and on which 
atmospheric agents have begun to work, stand to the grand 
features of such mountain masses as the Himalayas in the 
same relation as the islet to the continent The height of 
the undulating surface above the sea is in exact proportion 
to the depth of the furrows, so that, in general terms, eleva- 
tion and denudation go together in assisting to determine the 
relative age of the high grounds. The advocates of atmo- 
sj)heric waste as the agent to which we chiefly owe the features 
of the dry land, do not exclude the sea from all share in 
determining the position of future valleys. No siurface, 
probably, is ever left absolutely smooth; and the mud bank 
of an estuary shows, aa the tide ebbs, the kind of inequality 
to be expected on a large scale in emerging continental land. 
The slight hollow helps the atmosphere to commenoOi but 



SAND DUNES, Eta 77 

without sach a help, the atmospheric moisture would of 
necessity excavate grooves for itself. 

The outstanding features are hills, mountains, and table- 
lands, plateaux or terraces, terms to which certain tolerably 
precise meanings are attached popularly, but which it is very 
difficult to define, so as to establish a real difference between 
them as regards their origin. The clifis, escarpments, and 
slopes, by which these features merge into each other, are 
more easily dealt with. 

Between a hill and a mountain the only difference is a 
convention of language, by which the latter term is vaguely 
limited to heights of between 2000 and 3000 feet and 
upwards; the employment of one or other term docs not 
therefore, from a geological point of view, involve error. 

Hills are detached or connected by theii bases into groups 
of various forms, the linear arrangement constituting a range; 
the junction of several ranges forms a group with more or 
less radial arrangement, whUe system refera to the ranges or 
g^nps which, in form and position, belong to the same 
period, to the same region, or what comes to the same thing, 
are due to the same processes of elevation or denudation. 

Inequalities of the surface are caused by denudation, by 
the outpouring of volcanic or other materials from the interior 
of the earth, and by the shifting of loose materials on the 
surface of the earth. 

In Scotland, isolated cones of gravel are frequent towards 
the coast lines; and though many of these are obviously 
denuded fragments of sand and gravel plateaux, others have 
certainly been left as we now see them by the sea, which, at 
the close of the glacial period, covei*ed the low grounds. The 
lieai>ing together of the gravel by cross cuiTcnts of water, 
brings submarine and subafe'rial deposits very close together. 
- 49. E(and Dunes, etc. — Sand dunes foim i-angcs, the rela- 
tions of which are often very interesting. The wind blowing 
from the sea carries from the water edge a roll of loose sand, 
and drives it onward till it is arrested by the slope of the 
shore, or by some other obstacle; the piling then goes on, 
the particles travelling up one side and down the other, so 
that the masses travel forward by stages, the breadth of 
which is half the bi*eadth of the b^is^ gf the sand ridge. 
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These mounds can only be formed where a wind blows on 
the shore steadily, or, when it is not blowing, no other wind 
passes over the surface with equal strength and frequency. 
Hence the parallel ridges of the dunes inland, till cultiva- 
tion, or a wood, or a river, arrests them. In this country 
these ridges are trifling for the most part, the greatest 
development of them being on the north coast of Cornwall. 
But in Africa, for example, the movement of the desert 
sand over the Egyptian plains, where gaps occur in the high 
gi*ounds separating the two regions, is on a grand scale of 
destnictivcness, and in the Thurr or sand desert, which lies 
north of the Kunn of Cutch and east of the Indus, the ridges 
attain to 400 feet in height, their summits being thus 500 
feet above sea level. It is right to mention, however, that 
Sir H. Bartle Frere doubts this explanation of the origin of 
these ridges, and suggests a series of parallel fractures and 
subsidences as one of the many volcanic phenomena of tho 
district. 

The mounds of glacier detritus, the terminal moraines of 
extinct as well as existing glaciers, form piles of no incon- 
siderable impoi*tance in some valleys, those of the Val d'Aosta 
attaining a height of 1600 feet above the plain. They aro 
mentioned here simply to enumerate in conjimction all tho 
surface features. 

60. Bearings of Banges. — ^Tlie directions of the linear 
ranges and the grouped systems of hills varies in difierent 
I'cgions, as tho following table, an abstract of that given by 
Jukes,* shows. The orientations are reduced to Bingerloch, 
and they have not been corrected to any British locaiity, as 
it is intended to show the relations of the systems to each 
other, not to any particular point : — 

N. 1*^ ir W. Corsica, Sardinia. Red Sea, Hungary, Syrifc 

Upper part of Loire and Allier, Rhone. 

L. Miocene. 

N. 2'30'E. Malvern Hills. I. of Gothland. N. of Russia. 

N. 15*46' W. Greece. Italy. Sicily. 

N. 2V 4' E. Vosgcs. Ireland. Scotland. Scandinavia. 

N. 3r 15' K Longinynd« Saxony. Sweden, Finland. 

* Manual of Ocohgy, Socoud Sdition, 
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£. 4* 32* N. Isle of Wight. Satra (Carpathians). E. Alps. 

Jura. 



Er 2* (KN. From Elbe to St. Bride*8 Bay. Brittany. 

S. Ireland. Thnringia. S. Russia. 
E. 15» 6' N. S.E. England. N. France. Spain. N. Africa. 

Atlas. Caucasus. 
£. 37* 55' N. Oolitio Escarpment, England. Saxony. Monto 

Pilato. 
W. 23* 3' N. Pyrenees. Italy. Sicily. Greece. Carpathians. 

Weald ol Kent. 

An attentive comparison of this table with the map will 
ahoWy more especially if the student refers to detailed maps 
Off each locali^, that it is easy to constmet parallels if wo 
disresard the dates and amounts of denudation in favour of 
assumed elevating movements. 

6L Moillltain Systems. — Tlie Scandinavian peninsula 
is traversed by a ridge of continuous heif^his, of which 
SnHtelma is 5956 feet in height, Skagesloestinden is abovo 
8000 feet in height. 

The axis of this chain is north-east and south-west. Tlie 
northern portion of the chain is higher than the soiitliem. 
aiid the snow line at the seaward side descends to 3200 foot 
above the sea level. The axis would, if prolonged, intersect 
the protracted line of the Oural mountains, while, south- 
wards, the British Islands may be -regarded as a member of 
the chain which bordei*ed the European continent to the 
north-west and west, as the geological stiiicturo in both 
coimtries is the same. 

The Ourals extend over more than twenty dcgi'ccs of 
latitude, dying out southwards in the plateau of Sakniai-a, 
while the higher peaks are situated in the northern jwrtion, 
and the average height is about 2500 feet. Tliis, the eastern 
limit of the European area, has its longer slope to the west- 
ward, the steeper declivity fronting the lower plains of Asia. 

From the sea at Cape Finisten^e, to the shorcs of the Black 
Sea, a nearly continuous line of mountains trnvcracs Europe, 
and, through the Caucasus, the lino is prolonged through 
Asia, running out in Burmah. Tlio Pyreneean section of this 
long line has been elevated since tlic clialk i[)mQd) ^\A\v.^^ 
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constitutes a natural barrier between France and Spain, 
haAong an average height of 7000 feet, without any low 
passes intersecting it. The highest peaks are Maladetta, 
11,168 feet, Penaranda, 10,663 feet, Pic de Nethou, 11,426 
feet, Mont Perdu, 11,994 feet. The slopes are the reverse 
of what is usual along the great east and west chain, for the 
declivity into Spain is shorter and more gradual than that 
into France. In fact, the Pyrenees are the northern rampart 
of an elevated plateau from which several ridges approxi- 
mately, east and west, project; of these, the most northerly 
are the Cantabrian Mountains, which are almost a continua- 
tion of the Pyrenees, and the most southerly, the Sierra 
Nevada, parts of which approach 12,000 feet. The snow line 
of the ]?yrenees averages 8000 feet; in the Sierra Nevada 
it is at 11,000 feet. 

The nucleus of the Alpine system lies between the sources 
of the Rhine, Rhone, Ticino, Inn, and Adda; it gives off to 
the S.W. the Italian Alps, of which Corsica and Sardinia 
are appendages; to the N.W., the Gallic Alps; to the S.E. 
the Apennines, which are separated from the central mass 
by the valley of the Po, almost as completely as South 
India from the Himalayas by the Ganges; on the N.E., 
the German Alps pass towards the Sarmatian plain, of which 
the southern boundary is formed by the Carpathians; while 
the Hellenic Alps are the S.E. prolongations, reaching through 
the Balkan to the Black Sea, and forming, by its southern 
sjjurs, the deeply intersected south-eastern comer of Europe. 
The heights in this extensive system are Etna, the most 
southerly point 10,874; Mount Athros, 9628; the highest 
of the north-easterly branch does not exceed 9000 feet; 
the Glockner is 12,956 feet; Mount Blanc, 15,784 feet; 
Mount Pelvoux, 13,468 feet, and the Gallic portion has an 
average of 5000 feet. A large part of this group is the seat 
of i^rpetual snow, and of large glaciers, the snow line aver- 
aging 8500 feet, being lower on the south than on the north 
slojies. 

Tlie Caucasus, the Taunis, and Antitaurus, form the con- 
necting link between the Alpine and the Himalayan nndei. 
The Caucasiis rises above the snow lino at many points, its 
nmximumi Elburz, being 17,112 feet, The Aimenian cr 
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eastern portion of the Taurus and Antitaums culminates in 
Mount Ararat, 17,200 feet, and Demavend, 21,000 feet, 
is a peak of the range which merges in the Hindu Kush, 
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while the Taurus is prolonged eastwards in a sinuous, but 
not very high range to terminate at the same point. From 
this nucleus,' the Kuen Lun range passes eastwards as tho 
proper continuation of the Europeo-Asiatic line, while the 
Himalayas bend to the S.E., and maintain a uniform aspect 
23 ^ 
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facing the Indian Ocean. The Indus and Brahmapootra 
rise on the north side of the range, and, flowing in opposite 
directions, bi*each the rampart at its western and eastern 
ends, so as, with the Indo-Gangetic valley, to insulate the 
principal part of the range. The highest peak, Everest, is 
29,002 feet, and the mean elevation is between 15,000 and 
16,000 feet. To the north-east, the Himalayan line is con- 
tinued through a region the details of which are tmknown, 
save that it consists of complicated moimtain chains, b]^ 
which the transverse system of Central Asia is connectec 
with the great Altai system, which runs from the source o 
the Irtysh to Behring's Straits; parallel ranges lie to thi 
north and south of this main line, and sepai-ate difieren- 
plateaux from each other, while the circle of mountains just 
outlined encloses the great table-land of Asia, the drainage 
of which is, to a large extent, inwards. The ridges north of 
the Himalayas rise to a great height above the sea level, 
the central portion attaining to 10,000 feet, while either 
extremity of the range sinks to an average of 5000 feet, but 
these chains are all portions of the original plateau of Asia; 
they are fragments of plains left outstanding by denudation. 
Modem as is, geologically speaking, the elevation of the 
Himalayas, they present a grand illustration of atmospherio 
waste. Rising from the plains of India by successive ridges, 
the troughs sepai-ating these parallel ramparts are longitudinal 
valleys, while transverse valleys intersect the slopes with 
i*omarkable regularity, and the southerly spurs which run 
towards Cambodia and the Malayan Peninsula are channelled 
out by the streams which flow between them. The snow 
line of the Himalayas is about 15,500 feet on the south, 
19,600 feet on the north slope; glacier action, therefore, is 
intense in a region large part of which is a constant snow 
field, whose valleys, beyond the limit of the glaciers, are 
occupied by perennial streams, and are flooded at the same 
time that the monsoon brings rain over the plains of BengaL 
When to this is added the fact that the westerly or south- 
westerly upper current of the atmosphere is, so to speak, 
tapped by the mountain range which forms a natural boundary 
of the basin of the Indian Ocean, it is apparent that on 
this range are concentrated all the agents of atmospherio 
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wastOy and that tlias, in 'a comparatively short time, and 
among rocks of considerable relative hardness, denudation 
has produced results comparable with those which, in 
more northern latitudes, required long ages for their elabora- 
tion. 

Our knowledge of the interior of Africa is not such as to 
enable ua to speak with certainty of its mountain ranges. 
The grounds on which an east and west chain is believed to 
traverse Central Africa are, as Laughton sums them up, 
(1), the known high lands of Abyssinia; (2), the equatorial 
mountains on the west coast, the Cameroons, and others seen 
stretching, peak after peak, into the interior; (3), the lofty 
mountains seen by Denham to the south of Bomu; (4), the 
intimate and singular relationship between the mountain 
flora of Abyssinia, of the Cameroons, and of Fernando Po. 
The Atlas, to the north of the Sahara, is parallel with the 
S.R chains of Europe, and its parallel ranges gradually 
ascend from Tripoli westwards, from 2000 to 13,000 feet, the 
summits being thus within the snow line. The Straits of 
Gibraltar are excavated through a northern spur which 
formerly closed the Mediterranean. The Abyssinian 
mountains are, in reality, a table-land of an average level of 
80<K) feet, from which ridges project to more than 15,000 
feet above the sea, while the intervening valleys are of 
preat depth, the gorge of Jitta being 3500 feet deep. The 
depressed plateau of S. Africa rises southwards, and, in 
the Gape district, the plateau is worn into mountain ranges 
which are parallel to each other, and which present grada- 
tions of height up to 6000 feet The kloofs or ravines 
which cut into the successive tables, or kaiToos, aro results 
of denudation of a kind curiously characteristic of all flat 
elevated lands. It is wrong to speak of the kaiToos as 
terraces; their surface is interrupted by outstanding low 
heights, denuded hillocks, which mark the rate of denudation. 
The kloofs are transverse water channels, which will gradually 
encroach on the karroo ground till only sharp ridges separate 
the ravines. A glance at the map of Livingstone's explora- 
tions shows that this kind of denudation extends into the 
lake region. 

Tha two halves of the New World agree in having, in 
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common, a mountain range the features of which are gene- 
rally similar. The Rocky Mountains in N. America, the 
Andes in S. America, are connected across the central 
district by an essentially volcanic region, bordering the 
Mexican Gulf. The heights of the principal peaks are 
vai-iously s^ted, but the following are probably correct 
enough to give the general relations of the summits. The 
Patagonian section is of moderate height, not exceeding 
8000 feet, the height of the volcano Minchinmadiva. The 
Chilian division forms a single range as far north as 30^ 
lat, rising, at 41° lat., to 16,000 feet in the volcanic Villa 
Bica; Maipo is 17,660 feet; San Jose, 18,150; Tupungatu is 
variously estimated at 22,000 and 15,000, probably in con- 
sequence of confusion of names between it and Aconcagua, 
which is 22,296 or 23,910 feet. The Bolivian section 
includes the double chain of the Andes, and the commence- 
ment of the spurs which once connected tlie main chain with 
the lower parallel ridge of the Cordillera Geral, but are now 
intersected by the tributaries of the Madeira river. In this 
region the salinas, or salt deposits of the table-lands, are 
found. The sinuous ridge which passes eastwards in 25*' 
lat. S. is the commencement of the eastern great chain; the 
2)eaks are somewhat iiTCgularly placed, being volcanic to a 
large extent; among them are Colorados, 12,406 feet; Cerro 
di Potosi, 16,000; Chorolque, 17,000; Cochabamba, 17,000. 
The range which forms the proper eastern wall of the 
Titicaca valley commences southwai-ds with an average of 
15,000 feet, and rises to lUimani, 21,252 (24,200 of some 
writers), Soi-ata, 21,286, and sinks north-westwards to Vil- 
causta, 17,500 feet, whence the eastern lunge gradually 
disappears, being dismembered by the streams which form 
the head waters of the Amazon. The western ridge may be 
regarded as itself a double mass, of which the highest peaks 
are Gualateiri, 22,000; Sahami, 19,450; Parinacota, 23,000; 
Arequipa, 20,300; Chuquibamba, 22,000. From the lati- 
tude of Cuzco northwards, the chain continues of an average 
height, no greatly outstanding peaks occurring in this por- 
tion, which con'csponds to the ai'ca of meeting of the cold 
southern and warm northern oceanic currents, heavy foga 
being the obvious sign of their mixture. Northwards rise 
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Cliimborazo, 21,450 feet; Cotopaxi, 18,880; Antisana, 
19,150; Cayambe, 20,140; Tohnia, 18,120.* 

58. Axes of Elevation. — The details of the areas, of 
"which the principal features have been summarily indicated, 
may be learned from special treatises. But from the sketch 
that has been given it will be apparent that, to a very laigo 
extent at least, atmospheric denudation has fashioned tlio 
surface of all countriea The somewhat cimibrous generalisa- 
tion has been put forward that the continents are older than 
the mountains; but this is only true for the mountains which 
have been raised into prominence by subterranean movo- 
mentSy since — ^if the theory which has been developed holds 
true — ^the mountains are for the most part fragments of older 
table-lands. The elevation of any region to such an extent 
aa to determine the direction of its waters, may take placo 
at any period subsequent to the appearance of the region as 
dry land; that elevation which gives to one portion the 
relative height held by convention to constitute a mountain, 
may either be continuous or eflfected by many successive 
movements, at longer or shorter intervals, and of variable 
intensity. 

The axis of a mountain chain which may have been formed 
by elevation corresponds theoretically, as it certainly does 
primarily, to the simimit of the anticlinal ridge into which 





its strata are bent. A represents two anticlines with inter- 
vening syncline; but, after long ages of denudation, the 
relative positions of these two may be reversed, and the 
bottom of the synclinal curve may come to form the top of 
the hill, the greater part of the anticlines on either side 
being worn away as in B. Ben Lawers represents such a 
condition, the strata dipping on each side towards the centre 
of the mountain, the top of the hill being the bottom of the 
geological trough. But a more striking illustration is offered 
by the Scuir of Eigg, as described and figured by A. Geikio. 

• Very few of the heights here given are accepted by all writers, 
the differencet being doe partly to defective knowledge, partly to 
inaocomto repetitioiuk 
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chain is practically the adoption of the hypot 
and successive movements. Sir Charles Ly 
favour of the slowness, that oven in such a 
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the cretaceous and tertiary deposits of the rej 
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siderable amount of vertical movement. 
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Wales, tnapB a&d aah entering largely into the structure of 
Snowdon. The old red sandstone period witnessed many 
active voleanoes north of the Tweed; in the carboniferous 
period, volcanoes emitted lava and ashes at almost every 
stage, bat the locality was not always the same, and Prof. 
A. Geikie has very clearly set forth tiie alternate quiescence 
and activity of the various districts. During permian times 
the outflows are abundant, and volcanic vents referred to 
this period are found at some distance even from the nearest 
permian strata. The mesozoic strata were deposited in 
Britain during a period of quiescence, and the tcrtiaries of 
England are undisturbed. Li the middle of Scotland, which 
had been the chief seat of carboniferous volcanoes, there is 
no later development on any considerable scale; but in the 
west, from Antrim to the Faroe Islands, the miocene lavas 
were not merely poured out in enormous quantity, but have 
since undergone an astonishing amount of denudation — Mull 
and £igg, for example, being isolated fragments of a trappeau 
plateau, once probably well nigh continuous. To this period 
belong the latest volcanoes of Auvergne. In the succeeding 
times, the site of volcanic activity has been transferred to tlie 
Mediterranean area, and to a zone which includes Hecla and 
Jan Meyen. So far, then, as it is possible to estimate with 
safety the relative length of different geological epochs, the 
intervals between the^e various developments of volcanic 
activity are unequal, and the phenomena are, for each 
period, limited in the area they occupy. If, therefore, there 
is reason to believe that elevatory movements and volcanic 
outbursts have, if not identical, at least closely similar 
causes; and if, as also seems probable, the subterranean cavi- 
ties in which volcanic products are generated ai*e connected 
with each other, the irregular recurrence of the phenomena 
is not such as to justify any general statement regarding 
their results. Bearing in mind that this forms a difficidty in 
the way of explaining the irregular occurrence of eruptions, as 
much as in the way of determining the periods of subterranean 
movements, the belief in the separation from each other of 
these subterranean reservoirs woidd still fui*tlicr complicate 
the question. For on that h3rpothesis we should be com- 
pelled to seek on the surface the cause of this development 
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of elevatory movements in parallel directions at distant 
localities. And reference to the map of the world given by 
Darwin (Coral Keefs) shows that at this present time move- 
ments in opposite directions take place in adjacent districts 
to the south of the equator, while in the north also antagon- 
ism of the same kind occurs — Greenland descending while 
Disko is being elevated : the north of Scandinavia is slowly 
rising while the extreme south is as surely sinking. 

53. Biver Valleys in England. — Professor Eamsay, in 
bis investigation of the history of rivers, has given good 
i-eason in support of the following as the course of events in 
S. England. The mesozoic period was brought to a close 
by a general depression, during which the cretaceous rocks 
covered over unconformably the oolitic and all older strata, 
abutting against the Welsh Silurians. (The three following 
sections are supposed to be seen by a spectator looking south). 
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The movements which we know to nave taken place during 
the early tertiary times in Central Europe, were associated 
with a tilting of the French and English areas, so that the 
cretaceous beds dipped to the N.W., and thus a groove 
was formed, at the bottom of which a stream ran, with 
the Silurians for its westerly bank. The Severn, thus com- 
menced, continued thereafter to flow in the same direction, 
but^the atmosphere cut back the chalk in the escarpment 
form now seen, and afterwards the east of England was again 
tilted, so that its incline sloped in the opposite direction. 
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The streams now flowing east on the surface of the dialk 
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maintained their direction while the chalk escarpment was 
gradually eaten further back eastward, and thus they seem 
to cnt through a high groimd. whereas in reality the escarp- 
ment has receded past them. 

64:. Fonns of MoimtaillS. — The forms of mountains, their 
aspects, Taried as they may appear, have very close relations 
to their structure and the influences to which they have been 
subjected. The flat summits of the fragments of table-lands, 
as Table Mountain, and^the hills of Saxon Switzerland, and 
of trappean plateaux, as in Auveigne, are similar, because 
both consist of rocks laid down in horizontal strata which 
retain their relative position. The smoothly rounded sum- 
mits of the hills in S. Scotland, and the lower heights in 
N. Scotland, Wales, Ireland, some parts of Central Europe, 
and America, are due to the action of ice passing over ground 
which once formed a plane of marine denudation, and which 
still retains the primitive relation of its parts, notwithstand- 
ing the denudation which its surface has imdergone. The 
wide, even curves of the gaps which intervene between the 
heights, tell, in Brazil as in Europe, of the passage of 
ice through the strait, leaving a channel of symmetrical 
form. 

The serrated ridges which give to many mountain masses 
their peculiar character, for which restlessness is the best ex- 
pression, are due to the similarity of texture of the ranges, as 
much as to the length of time during which they have been 
exposed to denudation. The highly altered slates and schists 
of metamorphic districts weather unequally along the strike 
of the strata, and thus give an irregularly rugged outline, 
which, when large masses of unequal hardness alternate, 
becomes exaggerated into the pointed peaks constituting the 
aiguilles of Alpine scenery. In a country the hills of which 
have in general the rounded smooth outlines of ice-worn 
summits, many of the lower heights may come to present, as 
in the Scottish Highlands, serrated summits; while the hills 
of S. Scotland, though exposed to atmospheric waste for an 
equal length of time, since the glacial epoch, very rarely lose 
their smoothness, their softer consistence permitting them to 
weather more evenly. The outlines of trappean plateaux 
in the laat stage of disintegration are similarly ragged, but 
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the peaks are more symmetrical pyramids, their texture being 
uniform on aU sides. 

55. Cliffs and Escarpments. — Some hills, or ranges of 
higher ground, terminate noU by slopes, but by abrupt pre- 
cipitous faces. These are spoken of commonly as clifis, 
the same term being applied to them as to the similar 
faces of rock which border a coast line. It is, however, 
desirable to employ a different term for many of these 
inland features which are not due. to marine denudation. 
Cliff and escarpment are the two terms which field geo- 
logists have adopted, the cliff being the result of marine 
action, the escarpment of atmospheric waste. The base 
line of the sea-worn cliff is always horizontal, that of the 
escarpment may or may not be so. If both are composed of 
strata which undulate, the sea which can work only along 
a horizontal plane, disregards the undulations; the atmo- 
sphere, which works most rapidly along the lines of least 
resistance, makes a hard stratum the base of the steep face, 
and if the upper surface of that hard stratum undulates, the 
base line of the steep face undulates also. The escarpments 
of the chalk and oolites in England illustrate the departure 
from the horizontal of the base line, and the imdulations 
determined by a harder bed; sections, moreover, drawn in 
the chalk district by help of the Ordinance Survey maps, 
prove the base of an escarpment to be higher at one than its 
summit at another point, an impossible relation in a sea- worn 
cliff, unless, subsequent to its formation, violent disturbances 
can be demonstrated. 

Without denying the possibility of vertical precipices of 
great height occurring, their number must be very small. 
A river or the sea undercuts its shores, and thus would 
maintain, if no other action took place, constantly vertical 
faces; but the sides of a valley, and the cliffs along the coast, 
all slope either evenly, or by ledges which are determined 
by the relative hardness of the strata. Perpendicular faces 
very rarely have a greater height than the thickness of the 
stratum in which they occur, and this form is very persis- 
tent; it is due to the jointing of the rock, or that ( Art 26) 
which leaves a vertical face after each successive landslip. 

Very few cliffs or escarpments are due to faults. The 
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steep face only rarely represents the mass of strata along 
tlie line of fracture, towering above the portion which has 
sank down to a lower level. The fissure or line of parting 
between the two masses of rock seldom if ever gapes at the 
surface, and if the movement of the two masses past each 
other left at the surface an inequality, atmospheric and 
marine denudation would in their turn strive to smooth it 
down, 80 that unless the feature were of recent develop- 
ment, it would not be recognisable. In the few cases in 
which the escarpment owes its origin to a fault, its face is 
paraUd in direction to that of the fault, but it has receded 
to a distance proportioned to the time during which atmo- 
spheric denudation has been at work. Thus — 

Volcanio Plateau, 



Tolcanio Flataaa. 




In this diagram, where ''volcanic plateau" on the left side 
represents the general level of the country formed by an 
approximately horizontal layer of trap rocks, which have 
sunk down firom the higher level of "volcanic plateau" on 
the right, the face of this escarpment has receded from the 
line of xhe &ult in the same way that the escarpment of the 
chalk has receded from the margin of the Severn valley to 
its present position. ^^o- > 

ML Plateaux. — ^Bearing in mind that the plane of marine 
denudation is the stcuting point for all modifications of 
the surface of diy land, and further, that the extent to 
which the interior of continents is raised above the level 
of the sea varies in different regions, it is a necessary con- 
sequence that indications of the primitive plain should be 
met with at veiy different heights. Geographers have en- 
deavoured to establish a distinction between mountains 
and hills, and have desired to modify the meanings of the 
popular terms, so that conventionally a mountain shall 
mean a more connected series of higher ground, such higher 
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ground having the form of cones or ndges, with more or less 
rapid slopes, while hills shall indicate more isolated groups 
of smaller relative height, and mostly consisting of detached 
conical forms. Obviously this distinction, though convenient, 
is unscientific, since there is not, in the case of the features 
of the dry land, the same natural separation which furnishes 
the distinction between continents and islands. The writers 
referred to lose sight of the gi^adual transition efiected by 
denudation processes from the primitive plateau, through 
hills and valleys, to the plain to which denudation tends 
to reduce all prominent features. As might be expected, 
parallel vagueness attaches to the classification of plateaux 
which are gix)uped according to their heights; commencing 
with those of the first class, which are more than 4000 feet 
above the level of the sea, we have in the })rofile section of 
Asia {Student's Physical Atlas, Plate VIII., fig. 2), the 
Thibetan Plateau of about 15,000 feet; further to the north 
the Pamir Steppe of about 14,000 feet, and from these great 
elevations a series of low terraces leads down to the Arctic 
Ocean, the slope of the Siberian surface being gradual. To 
the south of the Himalayan Mountains the descent is moi-e 
abrupt. The plains of the Ganges have an average elevation 
of 250 feet, forming low gi'ounds which circle round the 
northern extremity of the Deccan. The Mountains of Asia 
Minor, again, project from a plateau of about 5000 feet in 
elevation. The great sandy desert of Gobi is somewhat 
lower, while the Aralo-Caspian depression is in the midst of a 
plateau of about 2000" feet. In Europe (fig. 1) the Caucasian 
Isthmus, the Steppes which border the Black Sea, and the 
plains of the Danube form a gixjat tract of low gi'ound, which 
is continuous with the Anilo-Caspian tract. But Euro|)e 
presents less extensive continuous plains than we find in 
Asia, the hill surfaces being more extensive relatively to 
the horizontal area. Minor plateaux are recognizable in 
Hungary, in North Germany, in Fi-ance, in Spain, and in 
the British Islands. Ireland pci-haps presents the lai'gest 
continuous expanse of low gi-ound. Of Africa the Sahara 
is the best known plateau; to the south the central area is 
believed to be a table-land, inclining on all sides towards the 
middle, constituting thus a shallow trough. In the extreme 
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soiitb. Table Mountain furnishes an illustration of the con- 
struction of a plateau which may be afterwards compared to 
the great desert of Western North America. The table- 
lands which occur between the eastern and western peaks 
of the Andes and the Kocky Mountains, the prairies in the 
midst of which the Mississippi flows, and the great similar 
tracts bordering the Amazon and tiiie Kiver Plate repeat 
again the general features of other regions. But to make 
this enumeration of plateaux complete, it is necessary to 
mention the submarine plains, of which one of the best 
known is that siurounding the British Islands, and indicat- 
ing the western extent of Europe at no very distant date. 
Other plains or terraces occur at various points of the ocean 
floor, as determined by soundings; and if our information 
regarding them were complete, we should be enabled to 
tcibulate a graduated series of different levels from the lowest 
point of the ocean to the summit of the Himalayas. Many 
of the erroneous ideas which prevail regarding these plateaux 
arise from the fact that sections are not commonly drawn on 
a '* true scale," that is, one on which the horizontal and the 
vertical measurements ai*e on the same scale. If such a 
section were drawn from the Himalayas across the Paciflo 
to the Rocky Mountains, it would appear that the slope 
from the highest to the lowest points is a very gradual one, 
and that our division of the slope into plateaux is somewhat 
arbitrary. 

67. Plains. — Plains fall into three natural groups, plains 
of deposit, plains of denudation, and plains of volcanic 
origin. 

68. Plains of Deposit are illustrated by the deltas of 
great rivers, and the alluvial flats which form the coast line 
in many phices. The deltas of great rivers are the deposits 
which have gradually fllled iip estuaries running into the 
mainland ; their presence, therefore, is proof of a very con- 
siderable antiquity of the river valley. The mode of forma- 
tion of such plains is very simple. A river carrying down 
from the higher grounds loose materials, and spreading these 
over the bottom of its channel, gradually elevates its channel 
so that the banks at last overtop the level of the surroimding 
country, as in the case of the Po and other streams. Every 
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overflow leaves upon the adjacent cotmtry a thin layer of 
silt, and thiis gradually a plain is built up, the stratification 
of which is typical in its regularity. Even where, as in the 
rivers of our own country, the level of the stream is not 
above that of the surrounding country, the alluvial plains 
are still built up by a process which is essentially the same; 
i^peated floods, raising the stream surface to the level of or 
above its banks, spread over the adjacent ground, and leave 
behind a deposit of water-worn detritus. One of the most 
ancient of such plains, which we may call typical or normal, 
is Table Mountain, the strata of which are hoiizontal, the 
mountain being in fact the survivor of an enormous table- 
land, the rest of which has been removed by denudation. 

59. Planes of Denudation are the result of marine action, 
aided in many cases from time to time by other agents of 
waste. The central plain of Ireland, the Sahara, the Cheshire 
plains, probably large part of Aralo- Caspian plains, are 
illustrations of this class. We have evidence that these 
now level surfaces were formerly covered by thick masses of 
strata, which have been entirely removed, and their approxi- 
mately level surface is to be regarded as a sign that, while 
subjected to the denuding agent, they remained stationary 
for considerable periods of time. When it is borne in mind 
that whether a plain is due to deposit or to denudation, it 
cannot be long exposed to the influence of the atmosphere 
without siiflering denudation, it is evident that we have here 
again a very ill-defined line of distinction between these and 
ti^e planes of marine denudation. If plains are elevated to 
considerable heights above the sea level, their waste would 
carve them out into deep valleys, separating hills of various 
forms, and thus the difierence of material becomes unimport- 
ant in comparison with the identity of the processes to 
which the materials are submitted. 

60. Plateaux of Volcanic Origin are small in extent, 
and few in number as compared with those already described. 
Every volcanic region furnishes examples of sheets of vol- 
canic material evenly spread out, and giving to the landscape 
a characteristic aspect. In Central J^raxtoe, in Catalonia, in 
North America, we have volcanic plateaux which still retain 
upon their surfaces the irregularities of the sooriaoeotiB lava. 
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fn Britain we find, in many districts^ fragments of such 
ancient plateaux; but they ai*e either still covered by sedi- 
mentary strata accumulated upon them since their formation, 
or where these latter deposits have been removed, they may 
periiaps be more accurately regarded as plateaux of denudation* 

The importance of these plains from an economic point of 
view, or because of their influence on civilization, is very 
great. Sandy deserts are even more serious barriers to pro- 
gress than the intervention of deep and broad seas; and, 
even within the veiy limited area of Belgium, we find in 
the well-known colony of Gheel, a small population sur- 
rounded by the Campine, shut off fi*om the other parts of 
the kingdom, and remaining in a state of primitive simplicity 
which it is difficult to psu^lel in Western Europe. The 
T^ntifis^ of Crascogne illustrate the influence of a plain, the 
stmctnre of whose soil renders it imfavourable to the health 
of the district; the sand of the Landes rests upon a hard 
cake formed of organic debris which lias matted together 
the particles of the soil, and renders the surface liable to be 
converted by floods into a stagnant marsh. The removal of 
endemic disease from the district has been largely a result 
of the draining of this area, whereby a gi*cat addition has 
been made to the agrictdtural surface of Franco. The slow 
formation of a plain of deposit in the valley of the Granges, 
and, indeed, along various points of the Indian shore, which at 
diflerent localities supported a thriving population, has con- 
verted regions once populous and wealthy into an unhealthy 
desert. The delta of the Ganges, stretching for 200 miles 
Uiroogh. Bengal, and forming the rich plains of Bengal, is 
made np of the anastomosing branches given off by the 
Ganges and the Brahmapootra, and between the streams are 
islands of alluvial mud of very various heights, and frequently 
shifting their places as they are worn away by floods from 
the land or the ocean side. On the islands which form tlie 
lower delta, a rich vegetation gives shelter to wild animals 
of all kinds, and the tiger has banished the inhabitants from 
some parts of a region where man had maintained a footing 
against the ravages of the flood. 

6L Tomation of Deltas.— The formation of deltas 
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requii^es some little consideration. The fii-st requisite is 
tliat the mud-bearing sti''eam should enter the sea so slowly 
that the detritus is not swept at once beyond the shore into 
deeper water. A tidal river with a rapid flow like the Thames 
is scoured out twice daily, and accumulations are not per- 
mitted to rest, far less to consolidate. A tidal stream, again, 
such as the Clyde, where the estuary is long and narrow, and 
the slope of tiie bed not great, allows a deposit of sediment 
which forms alluvial fiats on either side, and thus oflers the 
transition from the ordinary mud banks of a river to the 
delta properly so called. The commencement of a delta is 
at that point where the stream divides under the influence 
of slight obstacles^ and its channels form a network embrac- 
ing alluvial patches elevated above the surface of the waters. 
These patches are not all at the same level ; for just as a 
single stream like the Po may build up its banks above the 
surrounding country, the channels through a delta may build 
themselves up so as to form conspicuous projections, not, 
however, i)ermanent ; and Mr Ferguson records that, within 
a very few years, the debris of a house which he had himself 
built has been covered to a depth of 30 feet, while on the 
new surface a village has arisen. By this alternate laying 
down and sweeping away, the general surface is, on the whole, 
steadily raised, and at the same time the seaward progress of 
the triangle continues. The name delta is borrowed from 
the Greek letter a, whose figure that of the river accumula- 
tions repeats; but it must be noted that this form is not 
peculiar to river mouth deposits, since, as the cone de dejec- 
tion, it is the characteristic, fan-like pile of stones at the foot 
of a dry gulley, and the more fiattened mass which the ravine 
lays down in the lake. The base of the triangle reaches the 
coast line, and then one of three events takes place : it 
pushes out seawards ; it becomes arrested, or the river carries 
its mouths outwards without the rest of the delta pushing 
equally far. The seaward extension, possible only when 
coast currents are not strong enough to remove the sediment 
as it is brought down, is especially noticeable in the Adriatic, 
where the Po and Adige are st^idily building their alluvia 
seaward; but the rate of advance has greatly increased 
within the last century, being accelerated by the means 
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taken to protect the plaiziB of Lombardy from being flooded. 
The riven are now confined within high artificial banks, and 
the additional speed thus conferred carries the sediments 
farther outwards. The growth of the Bhone delta within 
historic times is well known. Towns once on the coast are 
now, after nine centuries, two leagues from the sea, and the 
successive sand bars, thrown up parallel to the coast by the 
south winds, aids a process the insults of which are made 
lasting by the infiltrated lime which gives solidity to the 
Ager lapidosua, the stony delta of the Bhono. It may give 
an idea of the approximate horizontality of subaqueous 
deposits to state, that off the mouth of the Bhone the bottom 
slopes southwards at an angle of less than 1°, or 1 foot in 66. 

The arrest of the Nile delta at the present coast lino is 
efiected partly by the current which sets eastward along the 
African shore, and partly by the subsidence of the land 
which is still going on, and which permits the settlement of 
large parts of its sedimentary burden in the interior. The 
rapd descent of the sea bottom from 12 to 380 fathoms con- 
trasts with the slow slope of the Bhone silt, and shows that 
the arrest of the delta is not of recent commencement. 

The peculiar process by which the Mississippi terminates by 
mouths at the* extremity of a long tongue of land, which 
spreads out like a bird's foot at the end, is the same as that 
by which it, like the Po and other rivers, builds up the levels 
of its banks. 

62. Steppes, etc. — The plains have received particular names, 
or rather the native names are adopted into English on account 
of theconvenience of thus recalling their characteristic features. 
The plaios of Europe present great diversity ; level or gently 
undulating, they are either grassy meadows or forest lands ; 
in winter they may be flooded, and in pummer more or less 
swampy. The Steppes of Eastern Europe and Asia, already 
treeless in the time of Herodotus, as they now are, support 
for a brief season a coarse but often tolerably abundant 
vegetation; but summer and winter convert them alternately 
into utter deserts and trackless snow plains, thus making it 
only too easy to understand how they have arrested civiliza- 
tion over an area of more than a million of square miles. 
The antiquity of these wastes is confirmed by Yon Bar's 
23 ^ 
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obsei*vatioD, that the squirrels which throng the woods to the 
north of the Steppes in Kussia are not found in the Crimean 
forests ; the separation of the two woodlands must, therefore, 
have been remote. The Prairies of North America, the 
counterpart of the Steppes in the Old World, are great tracts 
of rolling ground, mostly meadow, but, like the Steppes, 
destitute of trees. Bounded westward hy the Rocky Moun- 
tains and the desert land at their base, the Prairies pass 
eastwards into the forest lands of the Appalachians and the 
Atlantic shores. Northwards towards the Arctic Ocean, and 
southwards to the Mexican Gulf, the waste occupies an area 
of 3,000,000 square miles, and in South America an area of 
nearly the same extent is divided between the Llanos of 
Venezuela, the Campos Geraes of Brazil, the Pampas, and, 
farther south, the deserts of Patagonia ; while, to complete 
the series of similar tracts, the deserts of Ata(»ina, and the 
Salt Lake region of North America, may be mentioned. A 
careful comparison of the conditions under which these 
various regions ai*e placed will show that to the dryness of 
the climate, to the long intervals between their raini^, and 
in the extreme cases of the Sahara, Gobi, Atacama, and the 
like, to the total absence of rain, are their peculiar aspects 
due. Everywhei'e do wo find forests intermingled with the 
steppe lands, but the trees follow the coast lines, and pass 
into the interior only along the river courses. The full 
meaning of this generalisation will only be intelligible after 
a consideration of the Atmospheric Currents in a subsequent 
chapter. But the sharp limitation of the forests to the 
perennially moist ai*eas is nowhere better illustrated than in 
America. Passing westwards from Arkansas, in 35° to 36° 
north latitude, the forests here and there enclose patches of 
prairie land, which increase till the woods are only oases; 
the vegetation becomes restricted to buffido grass, but in 
106° west longitude the forests again commence. In South 
America the selvas or forest lands of the Amazon are in the 
line of the easterly winds, which blow from the Atlantic up 
the valley, the natural moisture of which is thus enabled to 
support a greater vegetation. The increased dryness of 
regions in which, artificially or by accident, the timber has 
been destroyed, as in Madeira, since the beginning of the 
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fifleonth century, when the forests were burnt; the disjiiv 
pearance of springs after the woods have been cut down; tlie 
refilling of the lakes in Venezuela while the Creoles, duiiiig 
their struggle for independence, neglected the cultivation of 
the sugar cane ; the formation of oases roiind the wells bored 
in Algeria by the French, these and many other instances 
might be cited in support of the view that the amount of 
moisture is the condition on which the steppe or the forest 
depends. Forests cannot be made to grow unless the climate 
is favourable, still less can they be forced on the Russian 
Steppes, where for long ages no timber has grown, because 
the climatal conditions are entirely changed. That region, 
like the interior of Africa, Australia, Asia, has its winds 
dried before they reach the interior, and the rainfidl is at a 
minimum. 

The Tundras or peat mosses of Siberia, and the hcatliy 
plains of Germany are usually grouped with the steppes; but 
the former, like tio polders of Holland, the feus of England, 
are the result of a supply of moisture in excess of evapoi-a- 
tion ; while the latter ai*e separated from the steppes by the 
forests, and require a greater supply of moisture, or, at least, 
are less able to retain it than extensive woods. 



CHAPTER III. 
WATER. 

Forms of Water — Cycle of Water — Imperfect Analogy of Aqueous 
and Atmospheric Envelopes of Earth — Effects of Cycle of Water. 

68. Cycle of Water. — Water is the most important 
geological agent of which we have knowledge. The forms in 
which it effects change upon the surface of the eaiiih are: 
1°. Atmospheric moisture, whether insensible as vapour of 
water, or condensed into dew and rain, or, lastly, the con- 
densed moisture solidified into ice. 2°. Rivers above and 
below gi'ound; and under this heading come the glaciei-s, 
which, as moving rivers of ice, are denuding agents of great 
importance in temperate regions. 3°. The ocean. 

It is difficult to say with which of these forms we ought 
to commence our investigation, for the the cycle is a con- 
tinuous one, by which water is canied into the atmosphei-o 
and returns again to the ocean through the intennediato 
stages of rain and rivers. 

64. Imperfect Analogy of Aqueous and Atmospheric 
Envelopes of Earth. — ^The endless movement of water stands 
in a somewhat peculiar relation to what, recalling M. Guyot's 
figure, may bo called the other functions of the globe, and 
especially to that of the atmosphere. The currents by which 
the waters of the ocean tmvel to and fro, maintaining the 
balance of distribution, are determined by the winds, their 
direction and velocity being likewise affected by the earth's 
rotation ; by evajwration, as a consequence of great local heat; 
by the tidal movement, and by the features of the coasts and 
sea floor. The atmospheric currents again are variations of 
the westerly winds, which form an oblate spheroidal shell 
round the earth; blowing at the level pf the sea in high lati- 
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tudes, at some distance above tlio earth at the equator, and 
this permanent movement is dependent on the eai*th's rota- 
tion. The parallelism usually taken for granted between 
the two fluids, air and water, which surround the earth, is 
therefore of the most imperfect kind, and could only be 
perfect if both elements formed spheres around a smooth 
globe which presented no projections, no features capable of 
causing deflections; and even then it would be further neces- 
sary that both fluids should present the same physical 
properties. 

66. Effects of Cycle of Water. — By the movement of the 
ocean, heat and cold are distributed over extensive regions 
with a regularity and moderation due to the slowness with 
which its temperature is altered. Evaporation not merely 
supplies the needful moisture for the siipport of animal and 
vegetable life, it tempers the atmospheric currents — regulates 
them, so to speak. Acting on the land on which it falls, 
rain and rivers distribute chemical substances over larger 
areas, and prevent them from being accumulated in one 
locality. They carry ofi*, slowly but siu^ly, the materials 
which, spread over the ocean floor, are in their turn raised 
into dry land, and thus the subterranean movements are 
compensated. But these movements again owe their energy, 
at least frequently, to the presence of water. The circulation 
of water underground is a physical necessity of the broken 
condition of the strata, a necessity which results in the for- 
mation of springs, but for whose presence many regions 
woidd .be uninhabitablo for plants and animals, while the 
percolation of water charged with chemical solutions allows 
the deposit, in Assures, of minerals of various kinds. But 
part of this water, in place of returning to the surface, gets 
access to the underground reservoirs, and either originates 
or hastens the volcanic phenomena which we speak of as 
violent, and whose residts we term catastrophes, because we 
cannot rightly estimate their place and pro2>ortion among 
fiatund phenomena* 
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SECTION L 

rroporiion of Land to Water Surface^General Kelations of Oceans 
— Deep Sea Soundings: How taken — Soundings in Atlantic; 
Mediterranean ; Indian Ocean ; Pacific — Form of the Ocean 
Floor — Deposits on Ocean Floor — Specific Gravity and Contents 
of Water — ^Pressure of Water — ^Temperature of Ocean — Colour 
of the Water — Luminosity of the Sea. 

66. Proportion of Land to Water Surface: General 
Belations of Oceans. — ^The ocean, as has been stated, is four 
times more extensive than the diy land, and in the water 
surface of the globe most be reckoned the area covered by 
rivers and lakes on the dry land. Paradoxical as it may 
sound, the greatest water area in a continent is toward the 
high grounds where the feeders of the rivers are most 
numerous, uniting successively as they approach the low 
grounds, so as ultimately to form streams, which occupy a 
greater vertical and diminished horizontal area. 

The oceans of the globe are the Pacific, the Atlantic, and 
the Indian, and these three are connected by the southern 
circumpolar ocean, their northern circumpolar connection 
being veiy much smaller. These diflferent oceans are further 
subdivided into regions which, in general terms, correspond 
with the prominent features of the continents; thus the 
Atlantic Ocean is obviously divided into two basins, marked 
off by the constriction caused by the eastern projection of 
South America, and the western projection of Africa. The 
Pacific Ocean has its northern and southern basins roughly 
marked off by the Polynesian Islands, while the Indian 
Ocean shows a less complete division into two by the 
pyramidal mass of southern India. The minor areas which 
are referred to as seas, gulfs, and bays, belong to two cate- 
gories : in the one case they are denudation valleys, in the 
other areaa of subsidence. The German Ocean partakes of 
both characters, but it is pre-eminently an area of subsidence. 
The Red Sea is a denudation valley. The narrow channels 
which separate Madagascar from Africa, and divide Celebes 
and Lombok on the one side from Borneo and Java, outliers 
of Asia on the other, though doubtlesss to some extent valleysi 
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are, by their antiqidtj and comparative depth, as well as by 
the distinctness of the animals on either side, entitled to a 
prominent place, if they cannot be ranked as co-ordinate 
with the great oceanic areas. 

The Pacific Ocean covers an area of about 90 millions of 
square miles, the Atlantic occupies less than a third of that 
sorface, the Indian Ocean covers a somewhat smaller area 
than the Atlantic The Antarctic Ocean, in which all these 
great basins converge, is very imperfectly known, and the 
smaller Arctic Ocean is also even yet the subject of discus- 
sion and inquiiy. 

The Atlantic Ocean has in connection with it certain bays 
or recesses, more or less shut off from the general ocean space, 
and, in a few cases, entirely excluded from it. The North 
Sea is simply a bay of the old European continent, the 
Straits of Dover being a recently formed passage; the Baltic, 
with its branches, the Gulf of Finland, and the Gulf of 
Bothnia, is a valley which opens by a narrow channel into 
the North Sea; and from the Straits of Gibraltar eastwards a 
series of basins is defined, the first of which is boimded by the 
Italian Peninsula^ Sicily, and Malta; the second, by the pro- 
longation of the line of the Grecian Peninsula, to the east of 
idiich is the third ; these three divisions of the Mediterranean 
likewise receiving lateral branches, such as the Adriatic and 
Archipelago. This last named shallow basin is connected 
with the sea of Marmora, and that again opens into the Black 
Sea, from which the S^ of Azof is shut off by a narrow 
channel, while the Caspian Sea and the Sea of Aral are 
obviously basins which have become closed off from the 
Mediterranean. • ^ ■-•*' - -^ ^ k 

67. Deep Sea Sonndings : How taken.— The soimdings 

conducted in recent years have given important information 
as to the shape of the ocean floor. The method of conduct- 
ing these observations deserves some attention. The simplest 
plan in still water is to let drop from a boat, whose position 
can be fixed by the oars, and by reference to objects on the 
land, a line with a weight at its extremity, the weight having 
an '' arming" of grease or other adhesive substance by which 
evidence is obtained that the lead has reached the bottom, 
and what the character of the bottom is. The ijr(QT)LtiQix& qC 
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Brooke and others have resulted in instruments by which a 
portion of the bottom is removed and brought up for examina- 
tion. The difficulties to be contended with in sounding are 
the uncertainty, first, as to whether the lead touches the 
bottom; second, as to whether the amount of line let out is 
much in excess of the vertical depth; and third, as to whether, 
supposing his lead sinks properly, tiie observer's position has 
shifted duiing the descent of the lead. This last difficulty is 
felt at sea only where no fixed objects are visible, the bear- 
ings of which can act as a guide, the sinking of the lead fix)m 
a boat (which is, under certain circimistances, less liable to 
shift than a ship) diminishing, not removiag, the chance of 
error. Experienced observers are, for the most part, con- 
scious of the contact of the lead with the bottom, or at least 
of a momentary change of speed in the line as it passes 
through the hand, even in very deep soundings; but currents 
may sway the line, so that it describes curves which greatly 
exaggerate the depth. Nor does the absence of sand or other 
matters adherent to the arming prove that the weight has 
not touched ground; the "Hydra," "Bulldog," and other 
machines can scarcely come up empty if once they have 
touched soft soil. The record, " no bottom," on a chart, is 
only negative evidence, showing that the observation is 
imperfect, either because of the inexperience of the observer, 
or because currents have drifted the line, or, where the 
cleanness of the aiming has been relied on, because the lead 
has touched hard and smooth bottom. Such records are 
especially xmtrustworthy when, as usually happens, they 
suggest enormous depths. 

68. Atlantic Soundings. — ^The Atlantic Ocean has been 
carefully surveyed for the purpose of ascertaining the nature 
of the bottom on which it was proposed to lay the tele- 
graphic cable; and, more recently, part of the northern 
basin has been carefully sounded by the Porcupine and 
Lightning Expedition, while the United States CJoast Sur- 
vey has contributed most valuable observations regarding 
the western area. The following analyses of the soundings 
across the N, Atlantic will show the general oontour of that 
r^on. 
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In the northern section it appears that the curved line it 
follows traverses an undulating surface, the greatest depth of 
which is in 32° Ion. W. To the south, the greatest depth 
IB between 39° and 44° W., while the traverse from Franco 
to the United States gives the maximum soundings, 2760 
fathoms, at 42° and 17°. A basin on the eastern side shows 
its greatest depth in 19° and 26° W.; but northwards the 
two batfins are broken up by the banks of land forming the 
Faroes, Iceland, and Greenland, the whole ocean in this region 
being generally shallower. Iceland is a prominent peak of 
a long ridge which separates the eastern and western basins 
as far south as 40° lat. N., and which is of nearly uniform 
height for the greater part of its length. This feature of the 
sea floor is curiously parallel to the leading lines of heights 
on the American Continent, and if it should prove to be con- 
nected with the volcanic West Indian group, the relation would 
be one of great interest as increasing the number of meri- 
dional ban& of disturbance connected by an equatorial band. 
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Some instraction as to the Atlantic depths may be obtained 
from the subjoined section between the Gape of Crood Hope 
and England; but it must not be taken as true for any other 
than one line of soimdings. The undulations here shown are 
remarkable, the alternations of deeper and shallower succeed- 
ing each other with singular regularity. St Helena separates 
two slopes of unequal but gentle inclination, that to the south 
being at the rate of 1 in 150, that to the north reaching 
2350 fathoms in 2° K lat, that is, at a rate of 1 in 314. If 
a line of 5 inches be drawn, this inclination would raise a 
line representing it ^ of an inch above the horizontal plane 
at one end, while, on the same scale, the slope between 2^ 
and 37^ N. lat. would scarcely cause an appreciable thicken- 
ing of the pencil line. The last slope from 2600 fathoms to 
the English coast slightly misrepresents the facts; for the 
line of 100 fathom soundings, the limit of the British plateau, 
extends so far south that the inclination from its siirface to 
the depth mentioned would be in reality about 1 in 15. The 
principal fact to be gathered from the above, and from othoi 
incidental statements scattered through books, is, that the 
South Atlantic and North Atlantic basins have a line of 
maximum depth which, in the latter area, bifurcates north- 
wards, and probably does so in the south likewise, but the 
results of the Challenger Expedition will give more accurate 
information on this point. 

SscrnoN from Cape of Good Hofe to Ekglasd. 

Cape of Good Hope. 2000 ISOO 2S0O St. Helens IGOO 
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69. Mediterranean Soundings.— The Mediterranean sec- 
tion is as follows : — 

Section from Gibraltar to Egypt. 

Gibraltar. 065 16S5 234 Maltese 160 2170 llOO 1460 1600 BsTpi 

linllS lin298 linl56 Plateao. Iin56 linl66 linSOO lin78 linST 

E. Long. S* 8*30* 30* 16 '80* 10* 84* ST 8S* 80* 
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To the three basins here shown a fourth should be added, 
the islands of Corsica and Sardinia dividing the deep trough 
between Spain and Italy. The Adriatic may at one time 
have equalled these two eastern depressions, but long ages of 
deposit from streams laden with Alpine detritus have con- 
verted that arm of the sea into a very shallow valley. 

70. Indian Ocean. — No continuous sections of the Indian 
Ocean are accessible, but the following will give a gcnei-al 
idea of the form of the basin^ or valleys of ita eastern and 
western troughs. 

SzcnoN FROM Aden to Bombay. 

Aden, 1470 ' 1020 2170 ' 125 BomUy Plateaa. 
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These two sections agree in representing the troughs as 
having their shortest slopes on the west, while their eastern 
shores terminate in submarine plateaux. That of Bombay 
runs out for over 100 miles before the depth of 100 fathoms 
is exceeded; while the Penang plateau has less than 70 
fathoms at the same distance from land. .^^ • 

71. Pacific Ocean. — Of the Pacific there are no soundings 
sufficiently connected to furnish satisfactory tables, but it 
seems certain that nowhere has a greater depth been found 
than 3000 fstthoms; so far, therefore, as our present know- 
ledge goes, the oceans have a remarkable uniformity in their 
vertical measurements. Such observations as are reliable 
will be found in a subsequent section, xmder the heading 
" Temperature of Ocean." 

72. Form of the Ocean Floor. — It has been customary 
to speak of the sea bottom as the counterpart of the land as 
regwis its contours, the assumed resemblance being a part 
of the notion already alluded to^ that the ocean and the air 
were parallel in their relations. But it is now certain that 
this resemblance holds good only for modemte depths. When 
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an estuary widens, it retains the valley form wliich it once 
had as a result of its denudation when exposed as dry land. 
When we pass to depths exceeding 100 fathoms, the sea 
floor presents inequalities, but these arc of a very gentle kind; 
no deep chasms, no abrupt descents, but long undulations, 
and great areas the surface of which, when drawn on a true 
scale, entitles them to be regarded as plateaux, and to be 
compared with justice to that recent sea bed, the Sahara. It 
is difficult to accoimt for this in a satisfactory way. It is 
true that the sea bed, once the surface of dry land, has under- 
gone marine erosion as it sank, and that the process was 
repeated during the oscillations which preceded the final 
submergence of such an ocean floor as that of the Atlantic. 
The plane of marine denudation thus formed would, so far 
as known, undergo no subsequent change, since the move- 
ment of water at gre^t depths cannot be, and is as a matter 
of fact known not to be such as to produce any denudation, 
especially as it had no pebbles to carry along and use as 
grinding tools. Even granting the extreme power that has 
been claimed for the GiUf Sti'eam, this mass of water can 
only exert its power over a limited area, and its effect would 
be to create those features whose absence is so remarkable. 
It would be impossible to imagine a series of gulf streams, 
or similar currents, to have planed down the floor of all tho 
great oceans; and it is unnecessaiy, since the denudation 
during descent would account for much at least of the result. 
The subject is a difficult one, but the explanation suggested 
is the best at present available. Tlie student must again be 
cautioned against forming his opinions from sections in which 

the horizontal and vertical measurements are not on the same 
scale. 

73. Deposits on Ocean Floor.— Another assumption has 
also been disproved by recent research, namely, that the sea 
floor at a certain distance from land is bare and rocky. This 

rr.Wf "^"^ "" n """^^^ ^'""^^^^ ^^ '^'^^^> ^"* the sea floor 
L^«t^oir''!r"^ "^^'^^''"^ ^y ^ ^^y^r ^^ fi^« materials. 
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The Indian Ocean and the Pacific have yielded afc their 
greatest depths similar materials, though in the Bed Sea 
and Indian Ocean thedBand blown from the deserts has con- 
tributed inorganic matter, and the ashes of volcanoes, slowly 
settling, have furnished a small amount of fclspathic ingre- 
dients. But allowing for such admixtures, which would, of 
course, be greater in proportion to the vicinity of land, recent 
observations bear out the generalisation that limestones, not 
consisting exclusively of coral, are formed in deep water, and 
that their horizontal area and vei*tical thickness ai*e in the 
direct ratio of their distance from shore. 

74. Specific Gravity and ContentB of Water. — Perfectly 

pure water may be regarded as only an artificial compound, 
the normal condition of all known waters being to contain 
varying quantities of other chemical substances ; and wo are 
justified in calling this normal, since on the admixture de- 
])ends the importance of water in the physiology of the 
earth. The rain as it descends absorbs carbonic acid gas and 
ammonia, in quantities varying with the season, being less in 
winter when the decomposition of organic substances is 
least. Thus, on reaching the eai*th, the water is prepared to 
act on the suiface on which it falls, and to minister to vege- 
table life by the nitrogenous matter it contains. The water 
cf rivers varies in composition according to the rocks over 
which it flows, and the amount of organic matter furnished 
to it by surface dminage. The Thames drains a region of 
which the chalk is a principal rock, and at Kingston the 
waters of the river are found to contain 19 grains of dis- 
solved matters per gallon. The substances which thus pass 
down, invisibly to the eye, are carbonates of lime and mag- 
nesia, sulphates of lime, i^otash, and soda, chlorides of sodium 
and potassium, silica, and traces of alumina, iron, and phos- 
)>hates. Mr. Prestwich estimates the total quantity of solid 
matter thus carried away in solution at 548,230 tons per 
annum. Of the 1502 tons which ai*e thus daily carried past 
Kingston, carbonate of lime constitutes two-thirds, or about 
1000 tons, sulphate of lime 238 tons. This estimate is apart 
from the solid mattier, mineral or organic, which is held in 
suspension, and which may be taken at 1 *68 grains per gallon, 
pr (the daily discharge of tjie river at Kington bein^ 1250 
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millions of gallons) 300,000 lbs., or 134 tons in the twenty- 
four hours, being 48,9 1 tons in the year. This example shows 
the greater importance, from a physiological point of view, 
of the invisible contents of water, and indicates the function 
of water as a distributer of fresh materials. But for this 
source of supply, chemical equilibrium would tend to bo 
reached; the new matter, however, maintains chemical action 
and all those processes, organic and inorganic, which mako 
up the life of the earth. In 100 parts of sea water 96-473 
are water, the remainder salts, namely, chloride of sodium, 
magnesium, and potassium, bromide of sodium, sulphates of 
lime and magnesia. Carbonate of lime is not mentioned, 
its quantity being very minute, though in the immediate 
vicinity of a calcai*eous coast, as in the English channel, it 
forms '0057 parts per 100 of water. The reason of the 
small proportion in sea water compared to that poured in 
from land, is doubtless the rapid using up of it by animals 
and plants, the coral i*eefs and the more minute, but perhaps 
more important, crustaceans and shell fishes. Taking Bischof s 
estimate that the Rhine at Bonn woidd supply with lime a 
mass of oyster shells covering four square miles to a depth 
of a foot, it is obvious how readily the lime must be removed 
from the sea at all points. The average proportion of chloride 
of sodium may be taken as between 2 and 3 parts per 100; 
but the proportion is liable to increase or decrease, in the one 
case by evaporation, in the other by excess of fresh water. 
The Dead Sea illustrates the exti'eme of saltness, the Black 
Sea furnishes an example of a basin receiving a large supply 
of fresh water. The following table gives the specific gravity 
of water at various localities ; — 



Northern Ocexm, 

Southern Ocean, 

Under the Equator, 
North Pacific, . 
South Pacific, , 
Indian Ocean, . 



J 1 02757 

} 1 02G64 

J 1 02919 

J 1 02676 

10277 

102548 

1 02058 

10263 



Mediterranean, j ^y^ ^.^g^ 

Black Sea,. . . 1*01418 

Ji^A qna J North 1-0297 

Red Sea, . |g^ ^^.^ 



These figures must not be taken as absolutely correct; for 
in the Pacific, as m instance, the observi^tions are few, and 
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though the lower specific giuvity in the noi*th, as compared 
with the south, agrees generally with the observations in the 
Atlantic, the difference between the Atlantic and Pacific is 
not necessarily constant, the observations in the latter ocean 
being neither sufficiently numerous nor made far enough 
from the land to justify the generalisation that the waters of 
the Pacific have a lower specific gravity than those of the 
Atlantic. We must again look to the scientific explorations 
now in progress for the settlement of this difficulty. That 
the specific gravity of the surface waters may be lower than 
that of deeper water, was first inferred from the obser\'a- 
tion of Edward Forbes, who explained the death of many 
specimens dredged up, by supposing them to have been killed 
by the firesher surface waters. Diffijrence of pressure had 
probably more to do with this phenomenon; but Buchan 
quotes Dr. Hankin's observation, that the density of the 
water at the mouth of Loch Fyne sank from its normal 
1-0250 to 1'0210 after a heavy fall of rain, and in less 
than twenty-four hours regained its usual value. Apai-t 
from exceptional cases, where the sudden melting of great 
masses of ice has flooded the adjacent sea with fi^esh water, 
or a few constant phenomena, such as the influx of the fi'esh 
waters of the Aniazon and Oiinoco into the ocean, it may 
be remarked that the lagoon waters of some atolls, though 
they rise and fall with the tides, the sea Altering through 
the coral mass as through a sieve, are fresh; nor is this 
remarkable, since it is pointed out by Wilkes in his report 
of the United States Exploiing Expedition, that the surging 
up and boiling over of a hot current, intercepted by a coral 
barrier, gives rise to almost constant precipitation of rain. 
The specific gravity of surface water has been found to be 
increased during the prevalence of high winds, an unexpected 
result, since the surface waters are warmer after a storm, 
their motion being converted into heat. The density of 
water below the surface is not uniform; ordinarily lighter 
water floats over denser, but the relation may be reversed if 
the lighter water is introduced as a swift stream; thus the 
fresh water in some cases xmderflows the sea water in tidal 
rivers, and water of specific gravity 1-0265 has been found 
f^t 73 fathoms^ while above it ike s|>ecific gravity was 1*0270, 
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Wyville Thomson found at 49^ 12' N. lat., 12* 52' W. long., 
tliat the density increased from 1*0272 at 50 fathoms to 
10277 at 800 fathoms; while at 54° 28' N. lat., IV 44' W. 
Ion., the surface showed 1*0280; the bottom (1425 fathoms) 
showed 1*0269; and at another point the difference was, 
suiface, 1*0280; bottom (664 fathoms), 1*0272, the evapora- 
tion of the warmer surface increasing its density. 

Fresh water heated to the boiling point and allowed to 
cool, contracts as it cools down to 4®C. (39*2®F.); if the 
temperature is still further lowered, it again expands till it 
reaches O'^C. (32° F.), when it freezes. But salt water thus 
treated does not attain its maximimi density till it hi\3 
reached - 3-67°C. (25*4° F.), the freezing point of undis- 
turbed, - 2*25° C, that of disturbed sea water. While fresh 
water therefore expands under opposite extremes of heat and 
cold, salt water expands from its treezing point uniformly to 
its boiling point. 

75. Pressure of Water. — ^A column of water 35 feet in 
height is equal to a column of mercury 30 inches in height, 
and these two represent the pressure of a column of air five 
miles high, of equal density throughout. At the depth of a 
mile, the pressure of the water equ^ that of 152 atmospheres, 
and its bulk is reduced by yj-j; at greater depths the pressure 
increiises, so that at twenty miles the reduction in volume 
would be ^. But this acts injuriously only on compressible 
bodies; thus air is greatly reduced in volume, but just as 
animals on the dry land are not injured by the weight of 
the atmosphere, so the ocean pressure does not affect those 
animals whose bodies are supported inside by the same 
element as that which presses on them outside : the pressures 
being equal, the animal is in equilibrium. Thus animals 
are enabled to live at great depths, shell-fish having been 
brought up fi-om more than 2000 fathoms, while the same 
species ai-e found living also in very shallow water. But 
though uninjured by pressure its sudden removal is fatal, 
since the animals from great depths i*eached the surface deail 
or dying, just as man would be killed by passing through the 
upper regions of the atmosphere. 

76. Temperature of the Ocean.— The waters of the ocean 
never siftk belpw -3°*5C. (24°F.), and very rarely rise at 



TE3IPEBATUBE 07 THE OCEAN. 



113 



the surface above 3i°G., this exceptional temperature being 
recorded near Aden. 

Water has the hi^est specific heat of any known substance ; 
thus, if a pound of mercury and a pound of water are both 
raised 1°, it requires thirty -three times as much heat to 
do this for the water as for the mercury, and if these ai*o 
cooled 1°, the water sets free thirty-three times as much heat 
as the mercury. Tables have been constructed showing 
the specific heats of difierent bodies. Taking the spcciiic 
heat of water as 1000, that of mercury is 33, or, as it is also 
written, water 1*000, mercury 0*0333. 

The following table shows the specific heat of equal weights 
of the most important substances, the determinations being 
those of Begnault, cited by TyndaJl :* — 



Water, 1-000 

Air, 0-237 

Oxygen, 0*218 

Kitrogen, 0244 

Hydrogen, 3*409 

Carbon, 0-2414 

Diamond, 01469 

Copper, 00952 74 

Goli 00324 53 

Iron, 01138 12 



Lead, 

Magnesium, 

Mercury 

Potassium, 

Silicon, 

Silver, 

Sodium, 

Sulphur, native,. 

Tin, 

Zinc, 



00314 

0*2499 

00333 

0-1690 

01774 

0570 100 

0-2934 

01776 

0562 15 

00955 



The fignree in the second column give the relative conductivity of 

the metaU for beat. 

The relation of land and water as regards heat, is such 
that it requires four times the heat to raise water to tlie 
same temperature as land; the quantity of heat therefore 
retained by the sea is greater than that retained by the 
land, hence the sea never rises so high nor sinks so low in 
temperature as does the land. A glance at the above table 
shows that capacity for heat does not mean conductivity, the 
molecidar transfer by which each atom passes on the motion 
to its neighbour being dependent on different conditions 
from those of the specific heat. Water, though having tlio 
highest specific heat, is a veiy bad conductor of heat, the 
raising of a mass of water to the same temperatuix) through- 
out being effected by convection, or the transfer of masses of 

* TyndalL Heal as a Mode of Motion, Chap. V, 
23 n 
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heated vraicr from place to place, not the transfer of motion 
from atom to atom. 

It will be apfiarent from what shall be said hereafter 
regarding currents, that no general statements can be made 
which shall profitably represent the general temperature of 
an ocean. The observations must be studied, map in hand, 
and for each particular tract that has been carefully explored, 
if it is desired to have a thorough knowledge of the surface 
variations. From what has been said, it will not be unex- 
pected that the surface temperatiire of the sea does not 
follow that of the air in contact with it. To illustrate this, 
a table is subjoined, extracted from the deep sea soundings 
of the " Porcupine." The noonday observations have been 
taken for the month of June 1869, and they are arranged, 
not in chronological order, but according to degree of west 
longitude, between north latitudes 51° and 54" 30'. The 
upper of the two lines of figures represents the sea tempera- 
ture, tlio lower that of the aii\ All the temperatures are 
coiitigiude. 

Valontla. J^T ^^. ^^ 12 s; 13 s; ^^. ^, IV^^ ^^. ^. 11 V ^^. ^^ 12;5- 

12' 2C JJ'.j; 12" 60' \l?' 12* Sy y.JI 13* U' H"^ 13' 23* Jg/ 
13-43' ]2:2: is-os/ 12-2; „. g^, 12;r 

In 1870, Irminger gave tables showing the alternations of 
streaks of warmer and cooler water between Greenland and 
Fair Island. These streaks vary in position and breadth, 
and r(5j)re8ont tho interlacement of the southern warmer 
and northern colder watei-s. The Atlantic explorera have 
shown that tho temperature of the sea sinks, but not 
uniformly, till a constant temperature of 0°C. (32°F.) is 
attained at groat depths. But, as will be more fidly stated 
ttftorwaixls, this constant temperature is not everywhere 
obtained; for tho warm watera may displace the colder in 
tho sliallower i)arts, especially where channels exist between 
outstanding laud masses, and the bottom temperature may 
thus be that i>ropor to a lower latitude, while in the same 
parallel of latitude veiy different bottom temperatures 
co-exist. Captain Shortland's observations of surface and 
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bottom temperatures in the Indian Ocean, between Bombay 
and Aden^**^ may be thus summed up : — 

Os THE Bombay Plateau. 

TaapentareofAir. Depth. SarCaoe Tempentare. Bottom Terapentnre. 

22-6'-24TC. n-61fm8. 22-6'-26rC. 231 -25 8 0. 

But the depths and temperatures are not regularly graduated; 
thus the l^ghest surface and bottom temperatures, 26*1° and 
25*8^ respectively, correspond to a sounding in 45 fathoms, 
and the lowest are in the shallowest water. Between Bom- 
bay and Aden, the mean temperature of 15 days between 
2dth January and 12th February 1868 was 2i°C., the sur- 
face temperature 23*8°, and at 2170 fathoms 0'83''C. Captain 
Shorfland considered that variations in surface temperature 
were not appreciable at greater depths than 100 fathoms, and 
that the constant temperature might be said to begin at 1700 
fathoms. These results agree generally with those of the 
Atlantic Expedition, from which it appears that solar varia- 
tion does not produce marked effects beyond 50 fathoms, 
and the constant temperature begins about 1000 fathoms. 
The rate at which the temperature sinks is shown in the 
following series of observations, taken two miles north of the 
equator, in 22^ 16' W. Ion., the temperature of the air being 

26-6* a 

Depth in fms., 300 400 1000 2040 

Temperature, 27 ire. 6-44*0. O^C. 3-3'C. 1-64»C. 

A remarkable anomaly is presented by the Mediterranean, 
in which the temperature sinks during 100 fathoms to an 
average of 13^0. (55*5^ F.), and this maybe taken as the 
mean temperature of the Mediterranean below 100 down 
even to 1500 fathoms. The Bed Sea is even more completely 
land-locked than the Mediterranean, and its shores have a 
higher average temperature. The bottom waters have a 
mean of 21-6''C. (7rF.); now as the Bed Sea does not 
exceed 1700 fathoms in depth, its temperature is that of the 
water between 50 and 100 fathoms in the Indian Ocean. 
Solar radiation therefore, doubtless, has an important part 
in raising the temperature, and to achieve this great heat it 

• Journal Geoprafhkal Sociely^ 1871, l^. ^ 
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is obvious that the horizontal movements must Le veiy 
slow. 

Mr Prestwich has collected and tabulated observations 
in the Atlantic and Pacific which are here condensed, 
the latitude but not the longitude of the stations being 
given. 

Temperatures of ATULNna 

lAtitnde 42*N. 29'N. rsilj. 4'25'N. IS'SU SSIO'S. 2d'33'S. sr-iOB. 28*12'S. 

Depth (ft) 4088 83U9 3030 G037 7200 6815 . 6310 C444 2000? 

Surface 17-7'C.24-4' 26(r 271' 25' 19-6' 191' 21-9* lC-9' 

Bottom 6-6'C. 61' 2 2' 6-9' 41' S'l* 21' 2 5' SI' 

Temperatures of Pacific. 

Ijitituda SmiTT. 28'52^. IS'S'N. 4'32'N. 0' 2n4U 82'5rS. 43'47'a. 

Depth (ft.) &741 8600 4261 12271 6000 5600 46D2 &tOO 

Bnrfdce 11 7"C. 25 6' 247' 27 2' 80* 27 2' 16 3' *7 5* 

Bottom 2-5'C. 9* " AS* XT' S'S' 2 2' 5-4' 2 3' 

From the bottom temperatures a deduction of 2° or 3° has 
to be made for error due to pressure on unprotected instru- 
ments, but these figures show that a mass of water of low 
temperature crosses the equator, and in the Atlantic at least, 
the connection of the Arctic and Antarctic Oceans is pro- 
l>abl7 due to the passage northwards of southern cold watora ; 
for, as will be explained in describing the N. Atlantic 
currents, the Arctic cold waters pass to the west side, and 
are separated from those of the Bay of Biscay by a mass of 
water warmer than either. The Arctic current enters the 
Gulf of Mexico beneath the warm outflowing stream, but 
the bottom temperature 4*1 6° C. between Cuba and Yucatan 
must have a southern source. While the annual variations 
of tempei'ature cease to be felt at about 100 fathoms, the 
daily variations do not probably extend beyond 10 fathoms; 
but the influence of currents, and of local and temporary 
disturbances due to configuration of the land, and to stoims, 
forbids our acceptance of such generalisations from the com- 
paratively scanty data at our command. To tlie category of 
])remature inductions must also be referred the conclusion of 
M. Aiin6, that the average tempeititure of the sea at a dis- 
tance from land is 18^0. (6:t*4T.), that of tho air being 
18-22^C. (64-8°F.). 

77. Colour of the Water.— Tyndall has shown that water 
and aqueous vapoui* have the same absorptive power, and ho 
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regards the bine colour of distant hills as deep in pro])ortion 
to the aqueous vapour in the atmosphere. It is also a 'well 
known £sict that the blue colour of the sea is intense in prnjior- 
tion to its saltness, and that the fresh water lake of Geneva is 
of a very deep blue. The blue of the atmosphere, and of tho 
Lake of Geneva, might be capable of explanation by reference 
to the fine particles of solid matter with which both are 
charged, these particles reflecting the short blue waves of 
light moet readily. But the waters of tho open occiins do 
not contain these particles to the same amount, and in ]>a8K- 
ing from open sea to land, the blue gives ])laco to green, and 
that to greenish yellow; while close to the shore, as the solid 
matters increase in quantity, the tint becomes tliat clianic- 
teristic of the rocks or soil whence the fine detritus is derived. 
The problem is not yet near a solution, and the observations 
must remain in seeming contradiction till the key to their 
harmony shaU have been found. Closely associated with 
colour is the permeability of the sea to light. Though ib 
cannot be supposed that the ojien ocean contains as many 
suspended particles as a glacial lake, analogy would lead us 
to expect that it contained such particles perhaps even more 
abundantly than the atmosphere. The density of tho water, 
and this fine cloud, would together form an obstacle to tho 
passage of light, and there is reason to believe that tho 
actinic rays are arrested at a comparatively short distance 
beneath the surface. Nordenskiold found a sensitive plate 
unchanged after twelve hours' exposure at the bottom in 
79® 54' N. lat. amid luxuriant seaweeds, the t(iniixii*atui*o of 
the bottom was 2°G, Plants, too, are not met with at greater 
depths than 200 fathoms, and as their power of liberating 
oxygen is associated on land with abundance of light, their 
paucity between 50 and 200 fathoms, and their absence 
beyond the lower limit has been held to favour the view 
that light has very sparing access, if any, to the deeper 
waters. But Mr J. Y. Buchanan has ascertained that sea 
water has a very retentive grasp of carbon dioxide (carbonio 
acid), and this, rather than defect of light, may accoimt for 
the early disappearance of plant life. This question likewise 
awaits &rther investigation, and it is useless to speculate in 
the absenoe of data. 
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78. Lndaotiijof tkeSoL — ^Ihe so-calkd piioepLorescence 
(A Um tea LaA giTen rise to as madi ifimginatiTe scientific xus 
poetical writing. The tints are uranium green, Tiolet, lilac, 
crims^m lake, rarelj azme, still mote rarely white, and they 
tiffpfaar as steady stars, as lambent light moving along the 
fifirlies of star fishes and other ^Tiimala^ or as intermittent 
flashes. Various micro0oq>ic bodies possess this property, 
the source of which is obscure, and equally so are the con- 
ditions on which its often fitful dispUy depend* Probably 
variations m temperature, and stillness of the water, per- 
mitting or forbidding the approach of the minuter organisms 
to the surface are the most important; the phenomenon is 
often weU developed during magnetic storms. 
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Movomonti of Water— Waves— Tidea—Tidal Wave not a Wave of 
Tranalation — Progress of Tidal Movement — Currents : Streams, 
Drifts, Indraughts, Equatorial Drift — Golf Stream and N. 
Atlantic Basin — Movements beyond 45"* N. Lat. : their Cause — 
llonnol's Current — Mediterranean Currents— Baltic — N. African 
(.^urronts— Sargasso Sea of N. Atlantic— S. Atlantic— Antarctic 
Drift— rocifio Currents— Pacific Equatorial Drift— Australian 
CurronU— CurrcnU of Indian Ocean— Red Sea. 

79. MovementB of Water.— If the globe were uniformly 
Murrotmdod by a sphere of water subject to no external dis- 
turbaut'o, the water would move from west to east with the 
vi^lwity proper to each parallel of latitude. But this theo- 
ix^tiotilly Hiinplo motion is disturbed by the projection of 
umaiH'a of land; by the unequal temperatures of the oceans; 
by tho influonco of steady or occasional winds; bV the 
iudxHluotioii of fi>osh water streams from the land; bv 
Bubton-HUi^ui movenionts; and by the influence of tl^ 
»«w aud moon, to which are due the phenomena of the 
tid«M. * 

1 ^J'fT^T'T^H*' '^^^^•^ <>^ ^y the wind is heaped np to 
liK^waM, ihf^ (hcUon between the moving air and the water 
.^«iT> i«g forxinml the i«rUdc« of the hitter tiU they oveqiass 
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ihe limit of eqtiilibrium and fall over, ilie phenomenon bein;; 
seen in its simplest form where wind passes over diy sand. 
A continued wind gradually involves successively deeper 
layers in this forward movement, till finally a disturbance 
ia created which survives for some time the existence of its 
cause. Two different kinds of movement are unfortunately 
represented by the word wave, and these must be distin- 
guished. A wave is a pulsation or vibration among the 
particles of a fluid; the particles tend apart and again I'etum; 
tibere is no displacement in any except a perpendicular plane. 
Water thrown into vibration, say by an impulse from below, 
starts upwards; and if the blow be violent enough, a poHiou 
springs into the air. If the force of the blow is not sufllcient 
to overcome the cohesion of the liquid, the disrupting ten- 
dency of the vibration is masked, but it still finds compensa- 
tion in sinking as far below its original level as it had been 
raised above it, A wave of water consists of two points 
of rarefjEU^tion and one of compression — ^the rarefaction j)oiuts 
being at the crests of two pulses, the compression point at 
the lowest point of the intervening trough. Pulse is hero 
used in the sense which it has in acoustics, but the soimd- 
wave has its compression point at the apex of the pulse, its 
rarefaction point in the interval between the two pulses. 
The length, then, of a wave is from crest to crest, the height 
from crest to trough. But it must not bo imagined that 
there is no horizontal movement; the particles of which the 
wave is composed revolve in circles, returning to the spot 
whence they started. The length and height of waves vary 
from the slightest ripple to those in whose trough a large 
ship may be cradled, or whose crests are so fur apart that a 
long vessel lifted on the summit of one has its back broken. 
The circles in which the particles revolve are larger in pro- 
portion to the magnitude of the disturbance, or, in other 
words, to the disruptive tendency imparted to the pulse of 
water. Whatever tends to compress the water diminishes 
the diameter of the vertical circles which the particles de- 
scribed; hence the depth to which wave motion is propagated 
depends on the amount of disturbance which, if slight, only 
elevates and rarefies a small layer of water; if great, rarefies 
a thicker stratum. It follows from what has been said, that 
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a column of water, stai-ting from a position of rest, describes 
a seiies of oscillations before returning to rest ; the limit of 
oscillation is the diameter of the circle in which the indi- 
vidual pai-ticles revolve, and infinitely minute as the oscilla- 
tion may be, it confers the tendency to actual translation or 
foi-ward movement which was alluded to in the first lines of 
this paiugraph. The rarefied surface layer, carried forward 
by a wind strong enough to overcome its cohesion, exposes a 
fresh suiface to be rarefied by elevation, and thus the wave 
and its oscillation become propagated downwards. The 
largest waves recorded are those whose height was estimated 
at between 30 and 40 feet from trough to crest, but masses 
of inferior size, when arrested by an obstacle, possess enor- 
mous force. The waves of British seas probably never 
exceed 8 feet, oven off the west coast. But this height may 
bo exceeded close to shore, and a wall of water 8 or 10 feet 
high, pushed over by the wind, strikes on the land with for- 
midable violence. The pressure on the square foot has been 
calculated for the Atlantic breakers on the west coast of 
Scotland at 611 lbs. in summer, 2086 lbs. in winter; and a 
pi-essure of about 6720 lbs. on the square foot was necessary 
for the ground swell to cast its spray over the Bell Rock 
lighthouse, on the east of Scotland, the height of the tower 
being 112 feet. The gentlest wind ripples, and the waves 
caused by other influences than the wind, are even curves of 
well-nigh sy mmetiical form ; the spectator may look towards 
or look after the wave without seeing an appreciable differ- 
ence; but with the velocity of the wind the steepness of the 
laeward face of the w^ave increases, the front being a dark 
green cliff, the back of the wave a long curve of smooth blue 
or gi^een water, a distinction well enforced by Buskin. 
Waves whose crests are torn off by the wind, and wliich 
tumble over in foam, are called breakers; and these on fixed 
obstacles, as a river bar or fringing reef, maintain a constant 
mass of foam — the siu'f — which it is dangerous and sometimes 
impossible to pass. When a wave has broken on the shore 
it rolls back, the slope of the beach increasing the fell of 
what corresponds to the tix)ugh of a wave. In caves, the 
wave dashed to the roof crushes out the air, and when it 
sinks sucks down what may be loose in tibe roof| thus tend* 
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ing to produce bullers or blowholes, opening vertical Khafts 
some little way from the edge of the sea-cliffs. After a stonn 
has sabsided, the wind-driven waves with steep Icowani faces 
disappear, and the agitation survives in pro|>ortion to the 
Beveritj and continuance of the storm. The ground-swell, 
as this residue of a storm is called, testifies to the depth to 
which the waves have been propagated, while its pressure 
snggestB the force of the previous motion. The transporting 
power of waves on the shore, both in their foi-ward move- 
ment and in their backdraught, is very remarkable. Blocks 
of 504 cubic feet (about 40 tons weight) have been carried 
5 feet; blocks of more than 200 tons have been turned over 
and broken; masses of 20 tons have been earned 80 or 00 
feet. Of course, these masses are of easier transpoi-t in 
water, but they are still remarkable proofs of the power of 
water. A more gentle but more important influence of 
waves is seen in the travelling of beaches, the stones of 
which move forward according to the set of currents and 
wind-waves, become piled up against an obstacle, and often 
render vain any effort to check their progress. 

81. Tides. — ^That the sun and moon are associated wit]i 
the phenomena of the tides is well known; that the methoil 
in which these phenomena are prodiiced is known docs not 
seem so certain. The discussion of the tides belongs pro- 
perly to astronomy, but it is necessary to indicate here tlio 
bearing of the problems it involves on the history of the 
earth. Twice every day the waters of the sea rise and fall, 
or flow and ebb, on the shores at high and low tides; the 
interval between high tides is 12 J hours (nearly), so that 
each successive tide is later than that before. Once e^'ely 
month the difference between the level of high water and 
low water is at a minimum, and the difference gradually 
increases till the level of high water is higher, of low water 
lower, than at any other time. These monlJily minimum 
and maximum tides are neap and spring tides. Tliey corre- 
8ix)nd to, but do not coincide with, the positions of the sun 
and moon relatively to the earth. The attraction of the 
moon is greater on the particles of water immediately 
beneath it than on the centre of the earth, still greater than 
on the surface particles on the opposite side of the earth. 
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The same is true for the sun, but the more powerful attrac- 
tion of the sun is counterbalanced by its greater distance, and 
the tidal elevations due to moon and sun are in the ratio of 
5 : 2. As eas^h. planet forms a tidal protuberance on the side 
of the earth towards and away from it, so a correspond- 
ing flattening occui*s midway between the pix>tuberanccs. 
Now the moon describes her apparent diurnal circuit in 
about 25 hours, and the sun in 24 : the solar tides are thei*e- 
foi-e at 12 hour intervals, the lunar at 12h. 24m. intervals; 
thus the solar tide will overtake the limar. If, therefore, 
the attraction of both planets afiects the same points, as 
when the sun and moon are on the same or opposite sides of 
the earth, the protuberances due to each will coincide, and 
the rise and fall of the tides will be at a maximum; if the 
sun and moon are so placed that the long axes of the sphe- 
roids formed by their tidal protuberances are at right angles 
to each other, the solar protuberance will coincide with the 
lunar flattening, and the opposite influences reduce the differ- 
ence of tidal elevation to the minimum, giving neap tide. 
The height of the spring tides will obviously be afiected by 
the distance of sun and moon from the earth. Again, as the 
orbital planes of sun and moon are oblique to the equator, 
and as the attraction of these bodies is on the point innne- 
diately beneath, the northern or southern declination of the 
sun and moon will also affect the height of the tide at any 
point. But it must be remembered that the sea thus raised 
and depressed is not a perfect sphere, but broken up by the 
land into in*egular spaces; that there is frictional resistance 
to the motion of the water, whose particles rub against each 
other and against the earth, and that the earth itself rotates. 
The tendency of sun and moon to produce the theoretical 
tide is not fully realised. The tidal elevation does not coin- 
cide with the pa.ssage of sun and moon across any point, 
neither does it represent the whole elevation due to one of 
the planets; but the joint heights of the two elevations give 
a maximum at a point intennediate between them. Hence 
the length of the tidal wave varies as the two attractions 
approach or recede from coincidence, the variation being 
known as the priming and lagging of the tides. It is 
delayed by friction, so that the spring tide, when the sun 
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and moon are in conjunction or opposition, is later tnan new 
or full moon hy an interval of more than 12 houi-s and less 
than 3 days. This frictional resistance tends to retard the 
rotation of the earth round its axis by 22 seconds in a cen- 
tury (Adams, Tait, and Thomson). This retardation, it is 
supposed, would in time reduce the earth to the condition of 
the moon, turning only one side towards it. On the de- 
creasing rotation of the earth. Sir W. Thomson rests his 
speculations as to the former condition and probable future 
of the earth. 

82. Tidal Wave not a Wave of Translation.— Eovcrt- 

ing to the definition of a wave (Art 79) as a pulsation or 
vibration of the particles of a fluid which tend apart and 
return to their previous relations, the tidal movement in the 
open ocean fulfils this condition. The particles of the water 
are raised up and let down, just as the bits of paper rise 
and fall as the heated sealing wax is carried over them. The 
tidal wave is a superficial shape of the water, and high and 
low water occur according as the upper or lower portion of 
this elevation occurs on our coasts. But when water is 
heaped up in any place in which it cannot freely resume its 
customary form, it is converted into a wave of translation, 
which either travels swiftly over shallow water, or passing 
through a narrow channel foims a rapid current. Tlie estimated 
rise of the tidal wave in open ocean, as in the Pacific, is 
about 2 feet, the observed seems to give a mean of about 9 
inches, and the diflerence is due, it has been suggested, to a 
similar movement in the solid earth itself, an hypothesis 
which must as yet be received with caution. But tho obsei-vcd 
height of the tidal rise on the shores of continents gi'catly 
exceeds this amount, reaching its maximum in tho Bay of 
Fundy, into which a mass of water 100 to 120 feet deep is 
pour^ The Bore of the Severn, the Hoogly, and other 
great rivers, is tho tidal wave heaped up in a nan*ow passage 
and rushing forward in a huge roller which bix3aks into foam. 
Where long flats shoal the water for some distance, as in tho 
Solway, the tidal wave rushes forward with velocity as a 
great bank of water. 

83. ProgreBS of Tidal Movement— Tho tides tm\el with 
TariouB speed. In the open ocean swiftly^ but in narrower 
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seas witli less speed and greater mass ; and frictional i-esi st- 
ance makes its effects very obvious on a chart showing tlie 
co-tidal lines, retardation being obvious on the east side of 
the north Atlantic basin, and in the Atlantic, as a whole, 
compared with the fi-eer Indian Ocean. The increase of 
velocity due to local circumstances is illustrated by the eagre 
or bore of the Tsien-Tang in China, the tidal w^ave advancing 
up the liver for 80 miles at the rate of 25 miles an hour. 
The stmng streams through the Pentland Firth and similar 
confined channels are examples of extreme velocity ; but it 
is only in such ca.ses as the ciHrde-sac of the Bay of Fundy 
that the ebb tide can have any imi)oi'tant i)Ower as a denud- 
ing agent. The AtLvntic and Indian Oceans, in which the tide.=5 
advance from south to north, evidently do not illustrate the 
antipodal character of the tides, and in them the necessity 
is ver)*" clear for ascertaining accurately what is known as 
the Establishment of the Port. By this is meant the interval 
between the passage of the sun and moon across the meridian 
of the port and the occurrence of si>ring tida This interval 
varies in every locality, and Herachel urges the necessity for 
distinguishing with care between the slack water, when the 
tidal wave does not run in either direction, and the time at 
which the tide ceases to rise or fall. 

84. Currents, Streams, Drifts, Indraughts. — ^The move- 
ment of a body of water in a definite direction, whether the 
direction and velocity are constiint or liable to variation, 
constitutes a current, and })V means of these an oceanic 
circulation is maintained, the heat of tropical, the cold of 
polar regions being interchanged and distributed. Currents 
are of very different magnitudes, and it is as difficult to 
classify them by size as by reference to their probable origin; 
but in this and the following paragraphs it is proposed to 
consider only the great currents whose constancy and magni- 
tude render them as important fi'om a climatal as from a 
nautical point of view. From what has been said of the 
tidal wave, and from the investigation of the causes of the 
great cuirents, it will be easy for the student to understand 
the existence of the minor, local, and often extremely uncer- 
tain currents, the enumeration of which belongs to tho 
province of Descriptive Geogra2)h7, 
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The discussion as to the origin of currents has brought 
into prominence two phrases : current and indraught ; the 
former is used by thase who ascribe the primary movement 
to the influence of prevailing winds, indraught being the 
opposite movement, by which equilibrium Ls restored. Those 
who trace the oceanic circulation to diflerences of temperature 
regard all movements as currents, and urge that a difference 
of speed is not sufficient to define an indraught. But no defi- 
nition by typical characters is hei-e attempted, the terms are 
used to indicate a difi*erence of origin; the primary current 
having its impiilse imparted from without, the indraught 
being secondary to and dependent on the existence of the 
primary movement. 

Currents are usually divided into drifts or the primary 
wind movements, and streams or modifications of the drifts 
eflfected by features of the land or of the sea bottom ; the 
indraughts are supplementary to both.* 

85. Equatorial Drift. — ^The equatorial drift, commencing 
south of the equator, off the west coast of Africa, crosses the 
Atlantic, and, spreading out westward, splits on Cape St. 
Koque, one branch passing southwards along the Brazil 
coast, the other following the land north-west towards the 
Caribbean Sea. The St. Boqiie Current has an avenige 
velocity of 30 to 40 miles a day, the speed of the equatorial 
drift being on an average 20 to 35 ; but before entering the 
Caribbean Sea, a speed of 80 miles may be attained. It 
follows the north-westerly bend of the coast, sweeps the 
waters of the Amazon and Orinoco along with it, and enters 
the Gulf of Mexico through the Straits of Yucatan. A part 
of the current is arrested by the Mosquito coast, and forms u 
backwater which sweeps eastward round the bay to rejoin 
the main stream off New Granada. The chief part of the 
current spreads over the Mexican Gulf, and returns towaitls 
Cuba, where it is joined by a portion which clung to the 
Cuban coast, the united sti*eam rushing through the Straits 

• ♦ In speaking of ocean currents, eastward, westward, northward, 
end southward arc invariably used to indicate the direction in which 
they move ; and the direction whence the winds come is indicated 
by the ordinary terms. But the student must remember that in the 
kuiguage of navigation a northerly wind comes from the north, but a 
northerly current sets towards the north. 
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of Florida as a great river of warm water 30 miles broad, 
2100 feet deep, and with a surface velocity of 4 miles an 
hour. The temperature of the equatorial diift is 23*^C., the 
initial temperature of the Gulf Stream is 30°C., the difference 
representing the amount of heat received in the Mexican 
Gulf. In the equatorial region a bottom temperature of 
0°0. has been found constant, and in the Florida Straits a 
temperature of 4'5°0. proves that cold water underlies the 
warm. 

86. The Gulf Stream and North Atlantic Basin.— The 

mass of waters flowing past Cuba meets the equatorial drift, 
and is deflected northwards through the Straits of Bemini, 
following thereafter the curve of the coast as far as Cape 
Hatteras, and joining the eastward drift at the 4:0th parallel, 
its velocity thero being 30 miles a day. It is separated from 
the land by. a belt of water of varying breadth, but which 
gradually widens northward, and corresponds generally to 
the line of deep soundings. The eastern boundary is not 
well defined ; as on the west the cold wall forms a very 
sharp line of demarcation, and as, a little northward, cold 
water lies in mass below the stream, it flows as a river in a 
channel bounded by water of lower temperature. Laughton 
has pointed out that its surface is like that of a river convex; 
but the friction being greatest along the cold wall and least 
on the eastern side, the summit of the 6onvexity is close to 
the western side, just as at the bend of a river it is close to 
the bank against which it is thrown. It is this easterly slope 
of its surface which prevents wreck from the West Indies 
from being stranded on the American coast ; a fact otherwise 
inexplicable since surface movements in various directions 
have been recorded. The temperature of the stream is not 
uniform even in the early part of its course, for, in sections 
at right angles to its flow, the American Coast Survey has 
found alternate bands with a difference of V to 2°0. ; thus 
passing seaward from the cold wall, the maximum tem- 
perature of 27*8°C. prevails for 60 miles, for the next 
30 miles the temperature is 25-5°C. ; the high tempera- 
ture, 27 ^^C. occupies the next 170 miles, and is succeed 
by 25-5°C., then 27-4:®0. The cooler bands correspond to 
the position of deeper channels in the sea bed, parallel 
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to the coast, and containing thicker masses of tbe polar 
current. 

87. Movements beyond 45^ N. Lat: their Cause. — 

Beyond 45^ N. kit., the course of the stream has been made 
subject of dispute. According- to the generally received 
opinion, it spreads over the Atlantic towards the European 
shores; a portion is deflected to the Gulf of Guinea, and 
rejoins the equatorial drift; the rest is traceable north waixla 
between Iceland and Norway to Spitzbergen, on whose 
shores West Indian fruits have been found, and it was even 
thought to reach the coast of Siberia. But while the prcsence 
of waimer water to the far north is admitted, its impulse by 
the Gulf Stream has been denied. That current has been 
declared to cease at about 45^ N. lat., and the diffusion of 
warmer water, even though its speed between Scandimivia 
and Iceland has been calculated by Irminger at H to 2J- 
miles a day, has been attributed to the influence of tlic anti- 
trades, or to the contraction of the polar seas by cold, and 
the expansion of the equatorial by heat, a slope thus being 
created down which the water flows. A good deal of dis- 
cussion has arisen from the claim put forward for one or 
other of these influences as the exclusive cause of motion, 
and our imperfect knowledge of the laws which regulate 
the movements of great masses of water, has necessitated 
the introduction into the controversy of a large amount of 
hypothesis. It seems, however, that gravitation alone does 
not supply the necessary force, any more than do the westerly 
winds, whose steadiness, however, is likely to accelerate a 
current which "holds its way" in a mass, having started 
with a high velocity. The Lightning and Porcui^ine Exj)e- 
ditions showed that the N. Atlantic has an upper stratiim 
of warmer water overlying a deeper colder portion, and 
that this upper stratum has a tolerably uniform thickness 
of 800 fathoms between the Bay of Biscay and the Ilebiides. 
But the warm water in certain localities reaches the bottom, 
the colder water being entirely excluded, and thus there 
may be in close proximity two columns of water of very 
imlike temperatures at corresponding depths. The rela- 
tions of temperature to depth in the warm and cold areas 
thus disooveredi are shown in the following columns^ from 
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which it appears that the temperature of 6**C. is in the one 
cjise at less than 200 fathoms from the surface, in the other 
at 5G7 fathoms deeper, 

Lat. 01* 21' N. Lat. W sy N. 

Lon. 8"44'W. Lon. 9" 11' W. 

Tenipernture. Depth. Temperature. Depth. 

ICC. fathoms irO. fathoms. 

6' 180 „ «• 350 „ 

0' 320 „ 6' 600 „ 

-r 500 „ 6-2' 767 „ 

-l^* 640 „ 

Tlie existence of this relation is more striking when the line 
of soundings and temperatures in the Faroe Channel, t.e., 
between the Faroe Islands and the Shetlands, is tabulated. 

Latitude, 60" U' 60' 4' 59' 56' 59' 48' 59^40' 59' 34' 

Depth (fathoms), 632 605 363 445 190 155 

Surface, lirC. 11-4- ll-4» 12* 12'V 11-4' 

Bottom! -0-8'C. -1-2' -03- -1' 9T 9'6' 

The warmer water thus dams up the colder across the 
southern end of the channel. But this colder portion has 
7°C. lower temiJCi'ature than water at the same depth in the 
Atlantic, while, on the other hand, it is nearly three degrees 
colder than the bottom water in the Bay of Biscay at 2435 
fathoms. Further, the bottom temperatures off the Nor- 
wegian coast ai-e 6-5°0. in depths of 700 fathoms. This 
unequal thickness of the warmer water is not compatible 
with a gravitation theory, according to which the cold water 
would be found always beneath the warm; nor, if convection 
(i.e., the distribution of heat by the transfer of masses of 
wann water) took a prominent place, should we expect to find 
the distinction so marked between adjacent columns of water, 
a distinction comparable to that of the cold wall near tlie 
starting point of the Gulf Sti-eam. It appears, then, that 
there are two oj^posito movements, that of the Gulf Stream 
holding its coui-se and tending to the north-east, and that of 
Arctic current tending more slowly southward. But this is 
a very slow movement, and the water lagging behind the 
earth in its rotiition acquires a south-westerly direction, pass- 
ing towards the American side, though a small portion moves 
towards Scotland, becoming mixed with the warmer water. 
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The Stream enters a cul<le-8ac in the north Atlantic and is 
dammed up; hence its oomparative depth whei-e, nnlesa it 
were driven north by some impulse from behind, it would 
thin away; hence, too, partly because there is a reflux from 
the point of obstruction, partly because of the eastward 
tendency of the mass, the watei-s of the Scandic avian coast 
have a higher temperature at all depths than is due to their 
latitude. While the course of the Arctic indraught to tho 
south-west is clear, the source of tho cola water in the Bay 
of Biscay is more doubtful. The Arctic faima is carried 
down in the cold area into compamtively low latitudes; but as 
that area and the Bay of Biscay are separated by water never 
lower than G^'C, it is probable that the low bottom tempera- 
ture of the latter represents a cold Antarctic indmught, a 
view supported by the continuously low temperatures already 
noted as crossing .the equator. While tho indraught from 
the north is usually very slew, it acf]uires some velocity in 
two places, namely, in the deep channels along the east coasts 
of Iceland, and Gi'eenland. 

88. Labrador Current. — The Arctic indraught is joined 
by another, the Labrador stream, which forms the bulk of 
the water that skirts the American sliore, maintains its 
lower temperature at the cold wall and enters tho Mexican 
Gulf itself beneath the outflowing stre-am. On this last 
point counter statements have been made; it is at all events 
cciiain, that the cold water passes underneath the warm and 
rises towards the surface on tho eastern side of the stream, 
so that the influence of the northern waters is felt in tho 
equatorial area. The velocity of the coast cuiTcnt is small, 
its maximum is 15 miles a day, and south of Cape Hatteras it 
is slower, its movement being sometimes reversed, probably 
in consequence of the friction of the Gulf Stream tearing off 
a part of the water, as the air column in the Odorator has 
its top torn oflf by the horizonttil current. 

89. Benners Current. — ^The somewhat vaiiable Eenners 
cun-ent is a drift which, coinciding with the eastward move- 
ment of the Gulf Stream, has its force and extent modified 
by the sti'ength and continuance of tlio westerly winds. The 
drift impinging on Cai)o Finisten^e is turned northward, and 
finally is lost in the oceaui whithci* it is diverted westwards 

23 \ 
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from TJshant Tho importance of this current lies in its 
power to drive ships as far out of their reckoning as the 
ScilJy Isles, when seeking to make the English Cluiimel. 

90. Mediterranean ^rrents. — The Gibraltar cnnent, 

which at the Straits attains a velocity of even as much as SO 
miles a day, resembles tho Gulf Stream itself, and the stream 
through Dover's Straits, in that it is a body of water whose 
velocity gradually increases towards tho apex of the funnel 
fonned by the convergent trends of the Spanish and African 
coasts. Within the Mediterranean the velocity diminishes, 
but a current may be detected along the south shores turning 
northwards along tho Asiatic coast, the drift eastwaixis being 
maintained by westerly and north-westerly winds. Tho 
existence of a steady under current of outflow through tlie 
Straits is a matter of dispute. Dr. Carpenter affirming its 
constancy, while others regard his observations as too fow to 
warmnt that conclusion. It must further bo added that tho 
Gibndtar current has itself been regarded as mauily duo to 
tho conversion of the tidal movement into a wave of transla- 
tion, thus explaining the frequent i^eversal of its dii*ection, 
and ixjudonng unnecessaiy the complicated hypotheses as to 
tho replacement of water lost by evaj^onition. The existence 
of an inward current at 20 fathoms dei)th, from tho -^goan 
into tlio Black Sea, seems to be established by tho Hydro- 
graphical Survey, tlie surface current setting outwards' at a 
nito of about 25 miles daily. Carpenter assigns tho under 
current to the effort to restoi^ equilibrium in the Black So^i, 
by i^ouring in salt water of -higher specific gravity to replace 
what Hows out at tho surface. Spratt assei-ts that there is 
no movement at 20 fathoms, and that the surface cuii-ent is 
roverecd in winter when tho rivei-s are low, the removal of 
fialt water thus taking place at ono season, and being com- 
pensated at another. 

91. Baltic Currents. — A surface outflow and an inflow- 
ing under current have been affirmeil on theoi-etical grounds 
to exist, and :Meyer of Kiel gives evidence in favour of their 
oxistoncc. There is a great influx of frcsli water into tho 
l^altic fi-om tho adjacent land, and Carpenter assigns to this 
an elevation of the sui-fjice, and consequent flow-oflT, the under 
cun\)nt restoring tho equilibrium between the watera on 
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eith^ side of the strait. Both the explanation and the 
existence of these Baltic movements have been doubted, and 
in the meantime it can only be said that the agency, appealed 
to by Caq)enter, may operate along with the imi)ulse of tlio- 
Golf Stream as it flows back from the Arctic Sea in which itfi 
progress has been arrested, but that it cannot yet bo regarded 
es sufficient to produce all the phenomena, even sui^posing 
the movements to be accurately known. 

92. W. African Current. — ^The N. African current is a 
large body of water which clings to the coast, and, as the 
Guinea current, rejoins the equatorial cun*ent. 

93. Sargasso Sea. — ^The dnfts and streams now mentioned 
leave in the centre of the ocean an area of compai-atively 
little movement, in which, as in a dead water, a vast amount 
of Sargasso (Sarga<^o) or gulf weed, accumulates and forms 
a mass sometimes 60 fathoms deep. The locality and limitn 
of this sea are variable, its average position being between 
20'" and 30^ N. lat., and between 30** and 60" Ion. W. 

94. 8. Atlantio Basin. — The Brazilian cuiTcnt, already 
mentioned, has an average speed of 15 miles, and, after 
receiving ibe Plate river, merges in the connecting current, 
which is a portion of the great eastward drift in the Antarctic 
Ocean. The cold water from the south enters the S. Atlantic 
Ocean more centrally than the corresponding supply to the 
N. Atlantic; the summer isothermal line of (60° F.) 15-5^0., 
reaching to 18** lat. S., while that of the northern basin does 
not descend below 36® N. lat. In our ignorance of Antarctic 
geography, it is impossible to say what may be the influences 
which give to the easterly dnft its powerful noi-tliwards 
tendency in the Atlantic. But the southei's which blow at 
Cape Horn, and the icebergs which travel northward, 
suggest the existence of currents which help to caiTy the 
eastward drift to the north. 

95. Antarotio Drift. — ^The southern cuxnimpolar sea may 
be regarded, as has been mentioned (Art. 65), as a single 
zonular ocean, of which the Antarctic drift is the principal 
movement, and when we find that the current which Bets 
into the South Atlantic round Cape Horn is derived exclu- 
sively from this Antarctic drift, we may say that the Atlantic 
fmsin derives no appreciable contribwtiou fcQia ^2cL^ 'S^^S&.^ 
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area; but the connection of the Atlantic with the Indian 
Ocean, and of the latter again with the Pacific, is more 
direct and obvious, none of the continental lands projecting 
into the Southern Ocean to the same extent as does the 
southern extremity of South Amciica. The arch which the 
southern connecting current describes across the Atlantic, 
extends as has been said to about 15^ south latitude, and 
returns towards the Cape of Good Hope, i)assiug along the 
coast round the Cape into the Indian Ocean. One portion 
of it, however, tuiiis to the north, and runs ]^)arallel with, but 
in the opposite direction to, the Guinea cuiTent, fonning, in 
facfc, the firat part of the equatorial diift, and having a tem- 
perature nearly 7^C. lower than that of the Guinea current. 
The equatorial current has thus a northern and a southern 
source of supply, which converge westwards, but leave to the 
cast a triangular space which is closed by the Guinea current. 
In this space, which corresponds in position to the Doldrums, 
a counter current sets eastwards with considerable velocity. 
A space is again circumsciibed by the south, connecting the 
equatorial and the Brazil currents, which has neither tlio 
extent, comparative fixity, nor sea weed of the Sargasso area, 
of which it is the southern counterpart. 

This drift, in the main eastwajxl, though its dii'ection 
varies a few points at various places, lias a steadier set the 
farther north it is followed into more temperate regions. 
The variations southwards are due possibly to iiTegulaiities 
of the Antarctic coast line, whose form is, however, xmknown; 
and, without doubt, the large quantity of fresh water pouring 
from the gi*eat ice cap during summer must have consider- 
able infiuence. 

93. Antarctic Drift : Pacific — This great eastward move- 
ment, which has an average speed of 10 to 15 miles a day, is 
afiected by the two land pyramids. South America and Aus- 
tralia. Near Cape Horn it divides, one portion entering the 
South Atlantic Basin, the other, which may in strictness be 
regarded as a backwater, running up the western side of tho 
continent. This mass has a very extensive 8ur£Eice| the 
landward portion being known as Humboldt's, or tho 
Peruvian Cold Current, the western portion as Mentor's. 
The main body of welter runs northward^ and is turned 
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towards the Vest partly by the projection of the Penivian 
coast^ partly by contact with the dead water which fills 
the indented coast line of Central America. Thus the 
southern source of the Pacific equatorial current is, as 
in t^ Atlantic, derived from the colder waters of tho 
Antarctic regions. The northern source is deiived from the 
current which follows the coast of North America, and whose 
westward deflection, aided by the north-east trades, is prim- 
arily determined by contact with the tix)pical dead water. 
Between the two roots a space is left in which an equatorial 
counter current sets eastward, and, as in the Atlantic, is in 
efiTect a backwater formed by the two. 

97. Pacifio Equatorial Drift. — ^The equatorial cuiTent 
illustrates the homomorphism of Eastern Asia and Eastern 
America. To the north of Torres Straits it is deflected 
northwards, and following the curve of the land to the out- 
side of the Philippine Islands, i-uns up as the Japanese coast 
current as far as Behring's Straits. This body of water is 
the counter part of the Gulf Stream, being like it, wai-m, 
blue, and salt ; but its velocity is less, since it is not acceler- 
ated b^ being confined within a basin like the Mexican Gulf. 
Part of the stream passes through Behring's Straits, and, 
while the major part continues eastwards, carrying warm 
water along the north shores of America till it finally merges, 
in Davis Straits, in the Arctic ciirrents of the Atlantic, a 
small portion turns to the west, and may maintain open 
channels in the ice, but its influence must be small since, as 
has been well pointed out, it aflects only feebly the fi'eezing 
of the water in Norton's Sound. The second branch of the 
current crosses to the American shores, and, aided by the 
north and north-west winds, follows the Califomian coast to 
complete the circle by joining the equatorial current. Of 
the great area which lies within this circle little is known ; 
there is no positive information as to whether the Sargasso 
Sea has an equivalent in it. 

98. Australian Currents. — ^As the Australian continent is 
a diminished representative of the South American, African, 
and Indian land pyramids, the currents on its shores corre- 
apond to those of the African and American apices, especially 
to the fonnery which likewise projecita m\x> ^^ ^^i^Xas^^^ 



131 PHT8ICAL GEOGBAPnV. 

ilrift, and DBS a land mass to the eastward. The drift, 
ninhiiig past the south shores of Australia with a velocity 
increased by the steady westerly and south-westerly winda 
n£ high latitudes, turns northward between Australia and 
Ncvv Zealand, and at times has a speed of 100 miles a day. 
It runs in a trough between two southward currents, the 
)>rincipal one l>eing that which skirts the south-east coast of 
AiiKtralia with a considerable velocity, the number and uiiig- 
nitudo of the return currents or backwaters along the coast 
being in projwrtion to its speed, friction having the greater 
^'ulluence, according to the cricketing rule which Laughton 
f\noU'H very happily, "a slow ball must be played, it will not 
play its(;lf." The meaning of this rule, which is well worth 
bearing in mind, is that, whereas holding the bat still at the 
propcjr angle will send a swift ball where it may bo desired, 
H kIow bull striking on a steady bat will bo stopped ; to send 
it, therefore, in any direction, it must be struck. The side 
(•urr(?iits in the Australian channel are portions of the eqiia- 
toi'ial drift which have been deflected south wai*ds by tlio 
Polynesian Islands, tlie speed being increased by passing 
through the narrow straits between them. 

99. Currents of Indian Ocean. — ^The currents in the 

Indian Ocean illustrate the impoi*tant influence of dominant 
winds on the movements of the ocean. The Monsoons of 
the northern part of the ocean are reflected in the changing 
direction of the cuiTonts on either side of the Indian Penin- 
sula. The south-east trades maintain a westward movement 
whoso limits shift to north and south with the trades, and 
whioh conxjsponds to the equatorial currents in other seas. 
ThiH curivnt turns to tlie south at Madagascar, and i-eaches 
tht> African coiust as a rapid stream, a small jmrt of which 
(Mitt»i*s the Atlantic, while the gi-eat bulk turns eastwards 
wilh tho Antarctic drift, and agiiin runs northward along 
tho Austmliuu coi\st, thus completing a circle and circum- 
honhing u dcadwaU'r. In winter the waters of the Mozambique 
C'hanni 1 ai*o imitly dniwn out in front, partly driven from 
bohuul bv Uio noi-Uierly wind, and join the southward stream 
with a high velocity. But when tho wind blows up the 
ihannol to the north, and when at the same time the westerly 
tinft ivachcs to tho ecjuator, and is turned southwards as it 
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approaches Africa, the waters of the channel are cli-awn in 
two directions, and the currents in it become uncertain. 
Laughton suggests that the constant southward movement 
should be called the Natal cun-ent, and that Mozambique 
current should be restricted to the variable movements in the 
channel which he has shown have been mistaken for a part 
of the Natal stream. 

100. Bed Sea. — ^The watci-s of the Red Sw\ move southwards 
during summer, and join the eastward current in the AiTibian 
Sea, the outflow l^eing (fix)m June to September) at the rate 
of 40 miles a day. This outflow occurs at the period when, 
if excess of heat alone determines movement, an inflow shouKl 
take place. It is dui*ing winter tbat an inward cuiTcnt sets 
through the Straits of Babel Mandeb, thougli probably an 
indraught passes the Straits during most of the year to 
replace the excessive loss by evaporation. 



CHAPTER IT. 

THE FUNCTIONS OF WATEI?. 

The water which is removed by evai)oration from the ocean 
is restoi'ed to it directly by precipitation from the clouds, 
and indirectly by the streams which dmin the land. But 
the water surface thus distributed over the land is itself an 
area of evaporation, and even the ice and snow of ix)lar 
regions contribute to the atmospheric moisture. Thus the 
rainfall on land is derived from the land as well as from the 
sea; that on the sea is in turn a direct or an indirect restora- 
tion of water that has been withdiTiwn from it. But whereas 
the rain reaches the eai'th compai'atively pure, or at least 
bringing down mattera which have been i-aised for a sliort 
distance above the e^irth, the river entera the sea heavily 
laden. It cames mattere soluble and insoluble; chemically 
dissolved and mechanically suspended; and these are distri- 
buted by the movements of the ocean. Tlie insoluble ]x>r- 
tions are laid down under the influence of gi-avitation; the 
soluble are so diffused that the watera of the ocean have an 
avei-age composition evei'ywhere except close to land. It is 
most important to the geographer to know the power of 
rivera as agents of waste — to learn what they actually do. 
From exact data man can calculate his power to avert the 
disastei-s wi-ought by an element as remorseless as fire; or, if 
that is beyond his power, to mitigate the effects of the 
calamity. He can guess ai)proximately the time required to 
effect cei-tain changes on the earth, and thence foretell the 
completion of other changes, whether these be the wearing 
nway of a continent to the level of the sea, or the final 
closuixj of a river presently navigable. The annals of the 
liuman race are not wiitten in sand, but part of the record is 
bulh in tlio alluvium of the Nile; and histoiy repays the 
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obligation by fixing with certainty the dates at which the 
action of rivers closed the prosperity of a region by destroy- 
ing its ports, and thus furnishing a standard by which to 
measure the rate of geological change. 

The detailed anatomy of rivers, above and below ground, 
is essential to our appreciation of the history of nations. 
Whether rivers are navigable or not; whether they open into 
seas, of which the currents or the prevailing winds offei-ed 
obstacles not easily overcome by uncivilized man; whether 
the underground streams reach the surface as potable springs, 
or remain below ground till man has acquired the know- 
ledge, the skill, and the means to render them available; on 
that depends the early or late development of the inhabitants 
of a country. These determine whether a country shall con- 
tribute to human progress, or remain unprofitable till that 
remote time when men, crowded out of the more productive 
regions, shall be forced to enter into a struggle with unfavour- 
able conditions. 
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Complexiiy of Rivers— Drainage Area or Watershed, Waterparting 
— Quaqnaversal Watershed, how formed — lUvers catting 
across Mountain Chains — Antiquity of British River Valleys — 
Shifting of River Courses, and Ketum to the Original Channel^ 
Permanent Changes of Coarse due to Movements of Elevation — 
Direction of Rivers altered by Disturbance of the Earth's Cfrust 
— Sources of Rivers — Motions and Form of Stream — Floods: 
Flood Waves— Speed of Rivers — Transporting Power of Water 
— Sediments in Rivers — Drainage Systems: their Relations to 
Oceana — Divisions of a River Course — Waterfalls, Rapids— 
Drainage Areas— North American Rivers : Southern Slope, Mis- 
sissippi, Arkansas, Missouri, Red River, Ohio; ilastem Slope, 
Potomac, Susquehanna, Hudson; Northern Slope, Great Fish 
Biver, Mackenzie River — Mexican Gulf — South American Rivers 
— ^Eastern Tributaries of N. Atlantic; Northern Slopes of Europe ; 
Asiatic Continent — Rivers of West Coasts of Europe — Rivera 
of JMtish Islands — Rivers entering Baltic and Mediterranean- 
Bast and South Shores of Mediterranean: the Nile and its Tri* 
butanes — West Coast of Africa : Senegal, Ni^er, Congo, Orange 
Biver— Indian Ocean: Rivers of Eastern Afhoa; of Arabia and 

- Penia; Rivers <rf Himalayan Ori|^— ^Q(Q^«nv1xidaik\ >&sssfisssfisn> 
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phic with Africa — ^Table of Eelative Geological Importance of 
i'rincipal Rivera — Paci6c Basin : Western Shores; Hoaiig-llo, 
Yang-tze-Kiang, Amoor, Song Ha, Camboja: Eastern Shores; 
Colorado, South America: Australia: Murray River, Macquarrie, 
Darlinff : New Zealand — Rivers of Inland Drainage : Africa, 
Central Asia^ Aralo-Caspian Area. 

101. A Biver is a Complex Water Channel.— The simplost 

t}ix; of a river may be illustmted by a stream which How.s 
down the muddy banks of a tidal estuary as the tide ebbs. 
The plane of maiine denudation, and the straight course of 
the primary channel down the gentle slope are well illustrated, 
'while as ihe water sinks the secondary channels become 
conspicuous, until at last we have on a small scale a compk^x 
drainage system formed by the combination of primary aiul 
secondary channels in Uie way already describ.ed (Ai-t 43). 

A number of originally distinct river systems may combine 
into one ; as, for example, in the North American continent, 
whero the Mississippi receives the drainage of higher grounds 
to the east, north, and west, the di-ainage system corrcsjioud- 
iiig to that of at least three primarily distinct areas. The 
most important rivers are those which flow parallel to the 
longitudinal axis of a country ; and these, as has been ahcady 
explained, occupy the valleys formed by the junction of the 
secondary streams which cut back the ridges that at firbt 
Rcparated them, and thus came to form continuous giooves. 
To follow the course of the Mississippi, the first pai-t of the 
Missouri consists of longitudinal and ti-ansvei^se streams, while 
between the forty-third and thirty-ninth degi*ees of latitude 
the longitudinal sti-eam is the principal. From about the 
last mentioned point a transverse channel pours the waters of 
the Missouri into a common stream with the Mississippi 
Lower down, the Ohio, chiefly a longitudinal stream, enters 
the same valley, while the Arkansas and Red Eivei-s enter 
directly as transvei-so channels into the lower piu-t of tho 
Mississippi The Mississippi, below the mouth of the Eed 
lliver, flows through a delta laid down in a deep estuaiy, 
which runs into tho mainland, and which, if prolonged, 
would join tho lake region, and help to isolate an eastern 
from a western mass of land. If this valley were submerged, 
ihe MissLmppi system would be broken up into a lai^ 
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finmber of distinct water systems. But if the processes by 
which the Mississippi is at present building out its delta into 
the Mexiean Gulf be continued sufficiently long, wo should 
have the complexity of the river system increased, and tlio 
same alternation of transverse and longitudinal sti-eams would 
recur. The Amazon offers an exactly similar picture. 

102. Drainage Area or Watershed, Waterparting. — By 

the term di-ainago ai'ca is meant all that sui-flice of country 
the slopes of which direct the waters flowing from them 
towards a common point; and the separation of di*ainago 
areas is the waterparting, a term mora strictly correct tliau 
watershed, which is commonly employed. It would avoid 
oonfuidon were versant employed for the suiface which inter- 
venes between the waterparting and the watercourae. 

103. Quaquaversal Watershed, how Formed. — It is not 

necessary that the summit of the waterparting should be at 
any great elevation; in fact we frequently find the boundary 
between two contiguous drainage areas formed by a featui*e 
of the ground so slight as to be a scarcely appreciable dis- 
turbance of the level of the plain ; and from what has been 
already said regarding the mode in which two adjacent 
valleys open into each other by wearing do^vn the higher 
gi-ound separating the head waters of two streams, it is 
obvious that by the removal of the whole of such an inter- 
vening ridge two valleys may be laid into each other, and 
the last trace of a waterparting effaced. Examples of this 
are found in several parts of the world ; and a notable instance 
is met with in South America, where the Oasiquiai*e connects 
the Orinoco and Rio Negro. These quaquaversal watersheds, 
the existence of which has been denied, but eri'oneously so, 
arc of frequent occurrence on a small scale in most countiies. 
One such is found in the centre of Scotland, where a small 
plain in the Pentland chain foiius a connection between two 
streams, one of which enters the Tweed, the other the Clyde ; 
and through this common feeding-ground salmon have passed 
from the one side of the country to the other, their ascent by 
the Clyde being a physical impossibility on account of the 
Falls, while the transport of the ova bjr birds has an exceed- 
ingly slender probability. 

IM. Rivers catting aeroBs K watfiAxi Qfifta:^ 
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more in the lowering of a watershed may carry the whole of 
a river into another channel, and it is to this extreme i*esult 
of atmospheric denudation that we owe the intersection of 
mountain chains by streams that flow in one direction. Tlius 
in Derbyshire, and other parts of central England, streams 
which take their origin in the centre of a hill range, after 
travelling across the low groimds for some distance, pass 
right tlu'ough another mass of high groimd in their progress 
towards the sea. There are only two possible explanations 
of such an occurrence, the one being that the original plain 
of marine denudation was traversed by a watercourse in tho 
direction of the existing stream: that later denudation carved 
out a channel at right angles to it, and that this channel was 
worn down so rapidly as to fall below the level of the primary 
valley, whose waters were diverted into this new course. Tho 
later valley helped to isolate a mass of the piimitive plain, 
and leave it as a hill of circumdenudation, the drainage of 
which, falling into the primitive rivercourse, went in opposite 
directions, and thus created a waterparting in the middle of 
what had been a continuous channel, so that the relations of 
the primary and secondaiy valleys became reversed. By the 
slow lowering of this waterparting the continuity of tho 
valley might be restored, and the waters of the secondary 
valley again carried down in the direction they had originally 
followed. Another explanation is that the valleys which 
isolate the hill masses are the primaiy channels, and that 
those which intersect tho liills are the secondary streams, 
whose more rapid denudation haa enabled them to divert the 
waters of the primary river. 
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— Primary, and traveraiiig a valley between the liigh gi'ounda 
A, in which it originates, and B, through which it flows, 
may have its direction thus fixed : 1^^, Because both A and 
B were parts of the 
original marine denu- 
dation from which 
the primary stream 
flowed, and continued 
to flow, while tribu- 
taries to right and 
left, marked secondary, 
deepened their chan- 
nels. 2ml, But A and 
B may have furnished 

tributaries to a pnmi- leyg formed by wearing down of ridgea be 
tive stream in the posi- twccn the tributaries of a a ; stream flow 
tionmarkedsecotidari/, i»« ^ direction b, 
and by a lowering process such as formed the channel b (adjoin- 
ing figure), the two channels on either side of the water- 
parting B may have been laid into each other, and so carried 
off the whole waters in a direction at right angles to their 
original direction. In these two cases Primary and Secondary 
are reveraed. A third case is when the secondary channels 
have become one, as in the figures Arts. 43 and 104, and tho 
Primary stream which traversed the original plain has its 
upper waters deflected into tlus new channel : the lower course 
Primary — Primary, now conveying less water, gradually 
forms two streams in opposite directions from a wateri)arting 
in the middle of their once continuous bed at B. The flrst 
of these cases is that of the Wye in Derbyshire; the second 
is that of the Lyne water, which rises in tho Pentlands, 
crosses the low grounds, and enters tho Tweed through a gap 
in the Silurians. The third is possibly tho relation of some 
of the N. American rivers, the change being, however, due in 
part to glacial obstruction or earthquake movements. 

105. Antiquity of British Biver Valleys. — ^The history of 
the river valleys of the United Kingdom is comj)licated by 
the numerous subsidences and re-elevations which havo 
occurred in that area; but the labours of Ban&say, Jukes, 
Geikie, and others have proved that the river v&Ue^%» q>^ <}c^ 
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country are of veiy great antiquity. The inspection of tlie 
geological map of Scotland shows that patches of old i-ed 
sandstone are found in the hollows of the Lauder, in the south 
of Scotland, and far up the estuary of the Tay; tliat car- 
boniferous sti*ata are met with at Thomliill, in Dumfriesshu-e; 
and that the peimians lie in the heart of the liills in the 
valleys of the Annan and the Nith. As these are all 
sedimentary deposits, it is clear that at the time when they 
were accumulated a valley existed and had generally the same 
foim as we now see. In fact, the plain of marine denudation 
as it is seen in the silurian uplands of north and south Scot< 
land, and the reasons which justify the belief that that plain 
was once covered by the old red sandstone formation, demon- 
strate the extreme antiquity of Scotland as a mass of dry land, 
and consequently the extreme antiquity of the first valley 
gi'ooves which were excavated on its suifacc. The valleys, 
therefore, which must have existed before tlie deix)sit of the 
old red sandstone strata, now exist, and many of them arc 
still the leading di^inage channels of the country. The 
history thus unravelled is essentially the same as that of tlic 
valley formations in Norway and Sweden. But in Britain 
the more fi-equent submergences, or at least the gi*eater dei)th 
of more recent depressions, somewhat obscure the details of 
the original valley systems. Perhaps tlio most satisfactory 
proof of the tendency of streams to return to theii* original 
channels is furnished by the events subsequent to the glacial 
period, at the close of which the countiy was covered by a layer 
of glacial detiitus upwards of 2,000 feet in thickness. But th is 
deposit confoi-med generally to the principal inequalities of 
the ground, so that the leading depressions, such as the groove 
of the Forth and Clyde, the Caledonian Canal, and the Great 
Glen, must have been indicated at all times. In the smaller 
streams, however, as in the Clyde, the Tweed, and the Tay, 
wc find that while pai-t of the course is through solid rock, 
at other points it is cut in ma.sses of glacial detritus. Tlie 
river has, in fact, returned to its original line; it is still en- 
gaged scouring out a channel wliich was choked up by the 
glacial detritus, but having failed in some places to resume 
its original direction from ^e compactness of the till, it has 
/bund an easier passage through the stratified rocks (Art. 115), 
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106. Direction of Rivers Altered by Disturbances of the 

Earth's Crust. — But while in North Britain this tendency 
to reversion is thus manifest, in the south of England 
we find proo& of an entii*e change in the directions of the 
rivers, besides that case mentioned in Art. 53. Thus 
the Weald of Kent represents the delta of a gi*eat river, 
which, flowing from the west, entered the German Ocean 
probably in conjunction with some large continental stream, 
perhaps the Rhine, the joint estuary being far to the north 
of the present coast lines. These remains of former land 
surfaces date from the period of the chalk, the dry land at 
that time forming a continental mass which stretched west- 
wards towards the Atlantic, and was continuous witli elevated 
ground in the south of Europe. Thus the evidence of change 
in the trend, as well as in the position of the former conti- 
nental ai^eas, is very complete. 

107. Sources of Bivers. — The gathering gix)unds of rivers 
are necessarily those portions of the country which are above 
the level of the stream; or, to put it moix) plainly, water could 
not scoop out a channel for itself unless it descended a slope, 
and the excavating power of a stream is therefore proportional 
to its velocity, that is, to the inclination of its bed. Tho 
source of a stream is fan-shaped, all the rills converge to 
the lowest point, and their junction will be nearer to or 
farther from the waterpai-ting according as the vcrsant slopes 
rapidly or gently. It is impossible to fix any one rill as the 
source of a river; and this is especially the case whero the 
drainage of two or three distinct tracts unites in one great 
stream, as the Mississippi and Amazon. Atmospheric mois- 
ture is the ultimate source of all streams, whether it contri- 
butes to them directly as rainfall, less directly by the melting 
of ice and snow, or still moi*o indirectly by means of the 
springs which return to the surface the water tliat has soaked 
into the ground at higher levels, and has sunk to various 
depths. 

108. Motions and Form of Stream. — ^In no case is the volume 

of water in a stream equal throughout its length and at all 
times. Seasonal differences are of regular recurrence, but the 
variations may be very fi-equent in glacier regions, where tho 
cold during the night diminishes the streams whioib. tk<^ \^s^^ 
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of the day again enlarges; or they may be at long iifterf als, as 
in siib-tropi^ countries, where a drought may last for yeai*s 
in place of a season. The size and volume of a stream are 
determined by the rainfall. It may cnlai*ge and diminish 
gradually, or the enlargement and diminution may take place 
suddenly, constituting what is known as a flood. Tlie surface 
of a stream is not flat : the water moves more rapidly in tho 
centre than at those points where it is in contact with its channel. 
The foam lines are seen to be curved, the convexity of the 
curves pointing down stream ; and the curves are more or less 
rapid in proportion to the speed of the river or the narrowness 
of its channel. While, therefore, friction against the banks 
retards the marginal water, the bottom water is likewise held 
back, so that a descending mass of water presents a curve 
from side to side, and from the bottom of the stream to the 
centre of the curve. A river, therefore, descends its sloj>e in 
the form of a succession of shells of water. When its volumo 
increases, the difierence is first felt in the centre of tlie sti^eam, 
which rises more than friction allows the sides to rise, just aa 
the mercuiy in the barometer, when tending upwai'ds, has its 
Bui*fiu5o convex, and friction gives to the river and to tho 
mercuiy a concave surface when the tendency is downwards. 
Objects thrown into the centre of a rising stream ti*avcl 
towards tlie margin; as the stream sinks they return towaixls 
the centre. At the bend of a river floating bodies are carried 
with the stream against the bank, but their speed increases 
as they approach it, and they are not thrown off at an angle 
(unless they are heavy), but rush down tho curved surface of 
the water, and rise to the surface lower down and nearer tho 
centre of the stream. A backwater or revei*se current along 
the sides of a river is found below an obstruction, such as a 
l)rojecting bit of the bank : the water in the lee of the obstacle 
would be still, but the stream skirting it drags away its 
margin, and thus, by friction, creates a movement, the water 
moving up along the bank to replace that which is earned 
away by the downward flow. If the projection is slight, thero 
is only one backwater. If the bay on its up side is wide, a 
backwater is directly formed by a portion of the strejim 
sweeping into and round the bay. Thus the St. Roque current 
strikes ou tho Moscjuito coast in the Cai'ibbean Sea^ and form^ 
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a backwater, while the peninsula of Yucatan gives rise to 
another in the Bay of Vera Cruz. 

109. Floods — Flood-Waves.— When a quantity of water 
is suddenly poured into a stream it rises, but unless the supply 
is kept up it immediately sinks. The suddenly formed eleva- 
tion travels forward, but as it travels, the convexity gradually 
flattens, till at last the excess of water is evenly distributed. 
The form of the flood- wave is that of the wind-wave on the 
sea — a long slope up stream, and a shorter slope down stream. 
If it enters a lake, its progress is checked, partly because it 
subsides by spreading, parUy because its way is stopped by 
impinging on the still water. The wave which begins at the 
outflow ^ the lake is less violent, because it does not start 
with any impetus. The same regulative influence is exerted 
even more strongly when the stream passes through a swamp, 
or pours part of its excess of water on the adjacent ground, 
or escapes into sidings. These are sometimes natuiiil; but 
their artificial preparation is recommended where the 
ground which it is proposed to flood is improductive, or of 
less value than localities farther down, which require protec- 
tion from the worst fury of the waters. The most mis- 
chievous floods are those which occur where rivers flow from 
temperate to arctic regions, like the Mackenzie Kiver of North 
America, and those of Siberia, or where they descend from 
the snow line to warm plains. In the former case, the flood 
wave descends at the season when the lower waters are 
frozen, and must therefore spread over the adjacent region; 
in the latter, the rapid summer melting pours great bodies 
cf water suddenly on the low grounds. 

110. Speed of Bivers. — ^The velocity of a stream is in 
proportion to the inclination of its bed; but, under excep- 
tional circumstances, as when it is checked by having to pass 
through a narrow gorge, it is in proportion to the slope of its 
surface, for there is fiius created a constant and fixed flood- 
wava The average slope of a river bed is about 6 inches in 
the mile, or 1 in 880, but in particular sti'eams this estimate 
may be too much or too little. Even in the same stream 
the measurements vary. Thus the Missouri, from its source 
to its junction with the Mississippi, measures 2,908 miles, 
and it descends 6,800 feet; its average slope therefore is 28 

23 ^ 
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inches per mile. In the first 264 miles it has a sIo})e of IG 
inches per mile; in the next 750 miles its slope is 10 5 6 
inches i)cr mile; for 648 miles its slope is 13 '20 inches par 
mile; for 404, 12-12; for 358 miles, 1032; for 484 miles, 
9*24. The fii*sfc 1,330 miles of the Mississippi slope at 11*74 
inches; between Cairo and the mouth, 1,088 miles, the incli- 
nation is 6*94 inches per mile; but of this, the last portion, 
855 miles in length, has a slope of only 4*82 inches per mile ; 
and the lower half of this poi-tion gives the following : mouth 
to 100 miles, 1*8 inch per mile; 100 to 200, 2 inches; 200 to 
300, 2-30 inches; 300 to 400, 2-57 inches. The slope of tho 
Khine is 1 in 414, but tho lower 225 miles show only 1 in 
2,324, tho upper 375 descend at the rate of 1 in 609. Tho 
velocity is, of course, least in the lower portions of a stream, 
where the course is for the most part sinuous and the slope 
of the gentlest, as in the Mississippi, whore it is 1 in 1,100; 
the Seine, 1 in 5,200. Tho middle course of the Rhino 
flows, it is estimated, at 3 miles an hour, tho lower poi-tion 
of the Mississippi at 2 J miles an hour when tho river is at 
moan height; but these calculations are somewhat imcertain 
from want of agreement as to the method of observation, and 
very unequal care in conducting the experiments. 

111. Abrading and Transporting Power of Bivers. — The 

quantity of material removed by a stream is usually in propor- 
tion to its volume and speed, but not always. Thus, Livingstone 
forded rivers in which there was more sand than water, and 
the freshets of some mountain torrents carry down debris out 
c»f all proportion even to the flood size of the sti^eam ; but in tho 
latter case the rapid slope of the bed enables a small body of 
water to set a very largo mass of solid material in motion, 
and tho transporting power of the torrent is apt to be ex- 
aggerated. Much depends on the form even more than on the 
weight of fragments — a rounded mass travelling more easily 
than a flat one, a smooth fi^ogmont more easily than an 
angular one. In comparing the transporting power of dif- 
foi*ent sti^eams this element is frequently overlooked. Sir 
Charles Lyell gives many instances of tie enormous power 
of water in i*apid jnotion, the flood of the Dee carrying blocks 
of more than a hundredweight up slojiefl of 1 in 8 or 10. The 
flood of Bagnea, occasion^ by the giving way of an io« 
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barrier, vhich had converted part of the valley into a lake, 
started with a speed of 22 miles an hour, which diminished 
to 4 miles; a joiimey of 45 miles being accomplished by this 
flood wave in 6 hours. The power of a river is usually 
stated as follows : — Velocity 900 ft. per hour tears up fine 
clay; 1,800 ft. carries fine sand; 3,600 ft., fine gravel; 2 
miles an hour, pebbles as large as a hen's egg. It is therefore in 
proportion to the velocity and to the materials it hurries along 
with it. Mr. Login believes that when a river has the proper 
load of sediment for its velocity it looses abrading power. 

112. Sediments in Bivers. — But these striking cases are 
unimportant geographically in comparison with what is going 
on daily in every river, solid matter travelling seaward in 
quantities which are not appreciated till they are reduced to 
cubic dimensions and compared with familiar objects. Pro- 
fessor Geikie and Mr. Croll have devoted much labour to 
the investigation of the solid contents of streams, desiring to 
calculate thence the thickness of the layer annually removed 
from the drainage bed. Thus, Lyell calculates that the total 
quantity of suspended sediments in the Ganges, 6,368,077,440 
cubic feet annually, could be removed by 2,000 Indiamen, each 
of 1,400 tons, starting every day of the year. Humphreys 
and Abbot calculated that the sediments carried annually by 
the Mississippi into the Gulf of Mexico, 750,000,000 cubic 
feet^ would cover a square mile to the depth of 268 feet. 
Now, the Ganges drains an area of 432,480 square miles, and 
the sediments above mentioned represent a lowering of the 
surface of that area by ^^^^ths of a foot yearly, or 1 foot 
in 2,358 years, the chemically dissolved matters not being 
included in this estimate. The importance of this latter kind 
of waste may be inferred from the fact that, whereas the 
Clyde is estimated to remove a foot in 6,658 years from a 
basin of 1,580 square miles, the Thames, which drains an 
area three times larger, and discharges more than twice tlie 
volume of water, would require 10,144 years to do the same 
work, if its actions were tested only by the solid matter it 
carries in suspension. But the Thames drains a chalk area ; 
the Clyde has comparatively little soluble strata to deal with ; 
hence the work done by the latter is exaggerated in coi&\^^ 
■on witli that done by the fonaer, i£ ^^^ onsiXi^^ t^^scs^s^ 
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action of tlio former. The details of this inquiry are to be 
found in Croll's papers in the Philosophical Magazine^ and in 
Geikie's Essay , which forms Chapter XXV. of Jukes^s Manual 
of Geology. The general conclusions in that chapter are that, 
calculating from the sediments carried into the sea by rivers, 
the dry land loses a vertical foot in 6,000 years. But this 
loss is unequal on the high and low grounds, the valleys losing 
5 feet in tiiat time, while the more level gix)unds lose Jtlis 
of a foot; or the table-lands lose tV*^ ^^ ^^ i^ch in 75 yeiii*s, 
while the valleys part with the same amount in 8 J years. 
Some uncertainty exists as to the averages relied on, some 
districts losing more than others in consequence of the less 
coherence of their materials. The sediments of i-ivers such as 
the Mississippi are derived from areas under very unlike 
climatal conditions* and an avei'age of the whole docs not 
necessarily give the average of each. Changes in climatal 
conditions may accelerate or suspend the rate of waste; and 
the majority of the rivers on which calculations are based 
drain regions in which the hand of man has greatly modified 
the processes of nature. But the method of research has 
already brought -out many \mlooked-for results, and it will, 
when observations are multiplied, biing us nearer to a reliable 
standard for the calculation of geological time. 

113. Drainage Systems: their Relations to Oceans.~It is 

most convenient to reverae the natural method of the forma- 
tion of a stream, and, commencing at the point at which a 
river enters the sea, to classify all such sti'eams into systems 
which will thus give some idea of the amount contributed by 
vai-ious masses of dry land to the adjacent oceans. The 
North Atlantic basin receives the drainage of Europe and of 
America, but to this must be added the vast quantities of 
water which pour from the Siberian rivers into the Arctic 
Ocean, and thence into the North Atlantic, forming part of 
the cold area in that basin. The contribution from tlio 
extreme part of the North American continent is very much 
larger than at first sight appears, since nearly the whole of 
the Arctic waters enter the North Atlantic. The Gulf of 
!RIexico must also be regarded as a tributary of the North 
Atlantic, and the waters of the Amazon and Orinoco are also 
carried into the Caribbean Sea, and become a part of tha 
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Gulf Stream. Viewed in this manner, the whole "West 
Coast of Africa likewise contributes to the North Atlantic 
waters; the River La Plata on the other hand passing south- 
ward to join the southern connecting current. The principal 
navigable rivers of the world are those associated with the 
Atlantic basin, but large as their area may be, they never- 
theless do not represent the whole of the drainage, since a 
vastly greater quantity of water is contained in the small 
streams which descend to the coast line without uniting into 
large channels. 

114. Divisions of a River Course. — Stream courses have 

been divided into various sections, artificially characterized as 
first, second, and third divisions, or upper, middle, and lower. 
In the case of veiy large rivers the arrangement is sometimes 
convenient, because in reality it answers to certain prominent 
features of the dry land. The upper course of a large river 
is for the most part liighly inclined, and consists of many 
small branches successively uniting. This is the condition of 
all streams in recently emerged groimds, or of those streams 
which flow into arms of the sea that represent submerged 
valleyB. Thus, the Scandinavian rivers flow by tolerably 
direct courses into the sea, the fiords of that coast line de- 
monstrating the greater extension of the land at a foimcr 
period. Probably, were the Atlantic basin elevated, we 
should find a middle and lower course for these sti-eams — 
courses which they formerly possessed, though we cannot 
exactly tell at what period. What is known as the middle 
course of a river is that part of its route in which the inclina- 
tion of its bed is somewhat less, while the lower coui-se of a 
river corresponds pmctically to the alluvial plains. Thus, 
the Ganges has the first part of its course bix)ken up into 
many converging streams; the middle part of its coureo is 
comparatively short, and lies in the elevated terrace land 
fringing the Himalayas, while its lowest portion flows through 
the vast alluvial plains, which have been slowly increasing as 
the land was gradually elevated. The history of that river 
is in fact the history of a stream whose estuary ran far into 
the continent. As the alluvial matters were hud down along 
its banks, slow submergence maintained the level of the new 
deposits very little above that of the stream. Evidence fi^t 
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this mode of foi*mation of an alluvial plain is fonnd in tlie 
soundings of the Indian Ocean, wliich show that opposite the 
mouth of the Ckuiges there is a very deep dei)ression, in 
which lies a " swatch of no ground," a deep submai-iuc valley, 
about 15 miles broad and more than 300 fathoms in depth. 
We have in this hollow an index to the former depth of the 
Ckmges valley, the seaward growth of the alluvium of the 
river being now checked by the current which travels along 
the north part of the Bay of Bengal. 

115. Waterfalls, Rapids. — In general terms it may be 
said that the possibility of dividing a stream according to 
variations in the slope of its bed furnishes an index of its 
antiquity, though we shall find that the Mississippi furnishes 
a notable exception to this rule. The continuity of a slope 
is interrupted either by the entry of a river into a lake or 
into level ground, or by its falling suddenly in cataracts 
from higher to lower levels. The origin of many catai-acts is 
somewhat difficult of explanation, but in some of the fulls of 
the St. Louis Biver of North America it has been ascei-tained 
that the present position of the river is not that wliich it 
occupied prior to tie glacial period, the preglacial bed, choked 
up with detritus, being still recognizable in the vicinity. 
The river, which foi-merly flowed at a considerably lower 
level, resumed its course in the same general direction, but 
becoming deflected towards a ridge of rock, the summit of 
a former escarpment, it was there retaixled, dammed back 
till it overtopped the obstacle and poured across it, gradually 
deepening the groove. The escarpment was doubtless tlio slope 
of the hill looking towards the plain into which the St. Louis 
flowed at its former lower level The general tendency in such 
cases would be to lower the height of the fall, till at last a steep 
sloping river bed should be provided. But in exceptional cases, 
such as that of the Niagara, the vertical face of the clift' is 
maintained by a peculiarity in the method of disintegi*ation of 
the rock. A bed of hard limestone about 90 feet in thickness 
forms the summit of the clifl^, and i-ests upon a mass of soft 
shales which ai*e disintegrated by the spray from the base of 
the fall, crumble readily away, and thus undermine the to]) 
bed, letting it fall in blocks which, as is the case with UK^s^t 
voiy compact stmta that have been subjected to moditication, 
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are of a rectangular form, lience tlie perpendicular face of the 
cliff is maintained, and has been maintained during all the 
time that has elapsed since the falls tumbled over above 
Queenstown. But the watera of Lake Ontario probably 
flowed, through a channel now filled up, into the Hudson 
Iliver, and the selection of the route by Queenstown v^oa duo 
to the piling of rubbish on the south bank of the overflowing 
lake, so that its waters were driven over a steep slope to the 
north-east. On a small scale cataracts may arise by a process 
exactly similar to that by which watersheds are lowered till 
valleys become united. Thus, in hill regions where a catch- 
ment basin occupies the summits, whence slopes descend with 
diflerent inclinations to the valley, the waters of the catch- 
ment basin may be carried over the edge of the steeper face 
by the wearing down of grooves on its margin, and thus a 
waterfall may arise in a secondary fashion and be maintained 
by the progressive eating back of its steep face ; or the same 
result may be attained by the imdermining of a clifl so that 
at last a steep face comes to intercept or open into the bed 
of some mountain torrent which originally flowed in another 
direction. The lowering of waterfalls, we repeat, is a normal 
event ; the permanence of their precipitous face is only expli- 
cable by special sti^tigraphical conditions, such as the nearly 
horizontal hard bed with its crumbling underlying shale at 
Niagara. A continuous slope may be converted into a water- 
fall if, by a diflerence in the hardness of the strata, one part 
wears away more rapidly than another, the abrupt face once 
formed tending to perpetuate itself so long as a diflerence of 
texture exists. A waterfall may be finally abolished by the 
diminution of its area of supply, in the same way as we shall 
find a glacier may be reduced. 

The falls of Niagara,, with a height of 154 feet on the 
Canadian side, of 163 feet on the American side, and the 
Victoria Falls on the Zambesi, with a vertical height of only 
100 feet, are among the grandest displays of natural power 
in the world, a sheet of water 2,400 feet in width being 
Been at Niagara, while the Zambesi falls over in a mass 
more than 3,000 feet wide. There are grander cataracts so 
far as mere height is concerned. The Staubbach descends 
1,000 feet, and the Yohamite Eallam 0«:^orK».\i»^i^^^^^^ 
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loap of 2,100 feet, the whole descent being 3,100 feet. The 
Kaieteaur Fall in Esseqidbo is 742 feet high, and even in 
June was 370 feet wide, and discharged 500,000 cubic feet 
per hour — that is, one-sixth part of the volume of tlie Clyde. 
An attentive observer will find that the water falls in con- 
centric shells like those of the flowing stream ; the marginal 
waters do not fiedl at the same moment as the central, and 
this relation is preserved from top to bottom even of a higli 
fall, if the water drops sheer. But vertical cliffs are not so 
common as is supposed ; they are usually stepped, and when 
the' gradations of the descent give a low angle to the whole, a 
rapid is produced — that is to say, an incline of water with 
a velocity which renders it impossible to ascend, and even 
makes descent precarious, or forms a permanent obstacle to 
navigation, compelling the traveller to carry his boat and 
baggage overland by a " portage " to the calmer water above. 
Another kind of rapid occurs where a permanent shingle bank 
is developed, or where a constant supply of boulders in the 
bed of the stream is maintained ; the slope of water being in 
both cases swift, but in one smooth, in the other tumultuous. 
Between the cascade and the ordinary slope of the river bed, 
then, there are many intermediate steps which are intelUgible 
only by reference to the past history of the river, or to the 
character of the rocks of which its bed is composed. 

116. Drainage Areas. — ^The North Atlantic basin receives 
on the west the drainage of — a. Central America and part 
of Brazil, the Gulf of Mexico being the intei'posed reservoir ; 
6, the coast to the east of the Appalachians ; c, the great 
lakes, through the St. Lawrence ; d, the land surrounding 
Hudson's Bay ; c. Temperate and Arctic America, through 
Davis* Sti-aits. On the east the rivers of the Bussian Empire 
reach the Atlantic by the North Cape; the western 
Euroi)ean coasts drain directly into the Atlantic, while the 
drainage of the interior is either direct — as in the case of the 
Bhine, Seine, Tagus — or indirect, as where Sweden, Bus.sia, 
and Pnissia pour their waters into the Baltic in the north, 
or where in the south the Mediterranean is the drainacje 
i*cscrvoir of an iiTcgular area, the outlying points of which 
are the Ouml Mountains, the Spanish ])lateau. Equatorial 
Africa^ and the Caucasus. Lastly, the western shores of 
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^fiica contribute to the Noi-th Atlantic directly, or by tho 
equatorial drift through the Gulf of Mexico. 

The South Atlantic receives the watera of South America 
to the east of the Andes and to the south of Cape St. Koque. 

The basin of the Indian Ocean includes part of the African 
table-land, the boixlers of the Red Sea, of the Persian Gulf, 
and the Arabian Sea, and the Bay of Bengal ; the outer limits 
of the Asiatic area being the Taurus, tho Himalayas, and the 
axis of the Malayan peninsula; while with this basin must 
be reckoned the western shores of Australia. 

The Pacific basin is more simple in its outline, the high 
grounds near the coast lines limiting the area of supply, ex- 
cept where the Chinese rivers start from the Thibetan plateau. 

117. North American Rivers— Southern Slope. — The 

Mississippi drainage area covers 1,147,000 square miles. 
Only a small part of the waters of this, the southern slope of 
the North American continent, enters the Mexican Gulf 
dii'ectly, the lower part of the Mississippi being the common 
channel of the Mississippi, the Missouri, Arkansas, Bed 
River, Ohio, and each of these in its turn having many large 
ttibntanes. The oemmercial importance of this great system 
of rivers may be gathered from the fact that the Missouri is 
navigable for 2,570 miles above its junction with the Missis- 
sippi, which is itself navigable for 1,500 miles, so that water 
communication connects the interior of the continent for 
4,000 miles with the ocean. 

118. Eastern Slope. — ^The Potomac and Susquehanna are 
the chief among the many sti-eams which drain the Alle- 
;^'hanies to the east. The Hudson is now a stream of minor 
consequence, but was probably in the line of the former 
drainage of that aix»a whose waters now pass away by the St* 
Lawrence. This estuary, leather than river, now is the out- 
flow for the great lakes from Lake Superior to Ontario. 
Ncwbeny has shown that the rocky surface of the watci-shed 
or versant of the Mississippi is far below the level of that of 
Michigan, and that at Bloomington, in Illinois, an old channel 
lias been sunk through to the depth of 230 feet : it is probable, 
t!ierefoi*e, that the lakes Superior, Michigan, Erie, and 
Huron drained into the Mississippi, and that the ovei-flowat 
Niagam was duo to the closiiro of this diwMas\^^\^^ "^^ 
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Lake Ontario, tlins largely increased, was, in its turn, driven 
into the St. Lawrence by the closure of the Hudson valley. 

119. Northern Slope. —The Great Fish River and the Mac- 
kenzie are the chief streams in this direction, the latter 
having a length of more than 2,000 miles, and a diuinage 
area of 441,000 square miles. This stream, whose floods 
have already been mentioned, is the northern drain of a 
region once continuous with the Gulf of Mexico. The valley 
of the Mississippi, or more strictly that of the Missouri, was 
under the waters of the later cretaceous sea, and the Missouri 
only began to exist in tertiary times, when the cretaceous 
rocks became uplifted as we now find them to the west of 
that river. The comparatively slight separation of the south 
and north slopes is due therefore to inequality of elevation, 
while the length of the Mackenzie River has been increased 
by the great amount of detritus carried down by it from a 
region covered with glacial detritus^ just as the Siberian plains 
have extended northwards. 

120. Mexican Oalf. — It is unneoessarv to speak of the 
streams which enter this basin: none <tf them are very im- 
portant, save as they illustrate the transverse type of river 
channels, their course being at right angles to the axis of tho 
respective districts. 

121. South America. — ^The Magdalena, Orinoco, Amazon, 
drain this continent to the west of the Andes, and as far 
south as lat. 18°. The two latter rivers are in truth ono, 
since the wearing down of the watershed has connected tho 
Rio Negro and the Orinoco by a cross valley; and the same 
process will, it is said, ultimately unite the Amazon and the 
Plate River. In this region, therefore, the erosion of river 
valleys is well illustrated, and Agassiz has observed that dis- 
integration is especially rapid since the heated surface of tho 
rocks is more readily disintegrated chemically and mechani- 
cally by the abundant and wann atmosphei-ic moisture 
which the decay of a rank vegetation saturates with 
carbonic acid. 

The Amazon, 3,000 miles in length, and tidal for 500 miles, 
is again, like the Mississippi, the common channel of streams 
from very different parts of a region covering 2,000,000 
square miles, whose flood times do not coincide, and thus 
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the liver presents less marked variations in volume than do 
other streams, the dense vegetation having some share also 
in this regulative influence. Having at its mouth a breadth 
of 50 miles, it is still at 500 miles up the country one mile 
broad; navigable for 2,000 miles, and receiving several large 
and navigable rivers, it is well fitted to be the caiTier of 
a great trade, when the difficulties of climate have 
been to some degree obviated by more extended clear- 
ing of the forests, and the di^ainage which that ojKjration 
will entail. 

The Orinoco, 1,560 miles in length, and tidal for 370 miles, 
drains an area of nearly 400,000 square miles, and is navi- 
gable for two-thirds of its length. Its waters, and those of 
the Amazon, spread seawards with a velocity of about 3 miles 
an hour, which carries them visibly to a distance of, it is 
Eaid, nearly 300 miles, their muddy contents rendering them 
easily recognisable. They are then swept into the Mexican 
Gulf along with the St. Roque cuiTent. 

The River Plate, with a drainage area of 900,000 square 
miles, enters the Atlantic by an estuary of 180 miles in 
length, the course of the river proper being between 1,700 
and 1,800 miles. Its tributaries are also navigable, and are 
of considerable dimensions — the Salado being over 600 miles, 
the Paraguay more than 1,000 miles in length. All these 
South American rivers cai*ry down large quantities of water, 
the precipitation on the higher grounds being great; and 
they are heavily laden with sediments, the soft materials of 
the great plains and terraces being easily disintegi-ated. 
The waterparting about 12® S. lat. separates the N.R 
from the S.K slopes, and expands eastwards in the Brazilian 
Sierras, which consist of metamorpliic rocks of palaeozoic age. 
Thus a mass of ancient strata establishes a coast watei-shed, 
the streams of which are mostly smaU, the San Francisco 
alone having any size; its length is neai'ly 1,700 miles, and 
its drainage area about 250,000 square miles. The Plate 
Hiver drains the eastern slopes of the Andes and tlie later 
deposits of the Pampas, and thus forms a part of the area in 
which the small streams draining the arid high grounds of 
Patagonia are included. 

123. Eastern Tributaries of i\A ^« k\\Mi\^s^-^v^'^^ ^\ 
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N. Bnssia. — The rivers which drain the great plateaux on 
either side of the Oural Mountains, from the Noi-th Cape to 
Behring Straits, have an aspect veiy similar to the rivers of 
Arctic America. The whole delta, bounded by a curved lino 
from the North Cape to 52® N. lat., 60° E. long., and thence 
by Lake Baikal to Behring^s Straits, forms topogi-aphicall}^ 
geologically, and by climate a single area, whose waters, 
pouring northwards, flood tl^e low grounds in winter to a 
depth of from 30 to 50 feet The Obi, the Yenisei, and the 
Lena flow through 20® of latitude, and travel through so 
much of low ground that the slope from the source of the 
Lena to the sea is only 1 foot in 5 miles, obviously an ex- 
aggeration due to the want of data for discriminating the 
upper portion from the alluvial flats. The diifting of 
Siberian timber westwards forms the chief evidence for 
the Atlantic destination of these waters; but it is probable 
that some part travels eastwards to join the Pacific in- 
di-aught. 

123. West Coasts of Europe. — ^The Scandinavian peninsula 
presents a simple series of transverse streams, of which only 
the upper courses are above the sea level; the fiords repre- 
senting their submerged lower valleys. The Elbe travels 
550 miles from its Bohemian source, and drains G0,000 
square miles of Central Europe, bringing into the sea mineral 
material susj)ended and dissolved to the amount of y^'ooth of 
its volume. The Rhine, whose remote source is in the 
Central Alps, has a coui'se of 800 miles, and drains an area of 
65,000 square miles. It cames through Holland a burden 
of sediment amount big te yiij^^ of its volume (Hai-tsolker); 
while at Bonn, Bischof found its solid contents to vary be- 
tween taVb*^ hy weight in flood, and TfyJ^yoth during a dry 
season. Tlie Bhine receives the Moselle and the JMain, the 
former ptissing through a district in which the soft looss 
holds a prominent place. The Seine has a course of 400 
miles, and from source to sea a slope of 1 in 1,628, the in- 
clination being underrated, because its course below Paris in 
very various. It is navigable for 300 miles. The Loire is 
navigable for 460 miles of a couree of 683 miles; but its 
shallow, sandy bed rendera navigation difficult. The drain- 
a^e aiva, 33;000 square miles in extent^ is to a large extent 
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among tlie volcanic rocks of Central France. The Garonne 
delivei*8 tJd^^ ^Y volume of sediment into the Bay of Biscay, 
gathered during a course of 360 miles, 260 of which are 
navigable. The Adour is the last of the important tribu- 
taries of the Bay of Biscay, all of which are navigable for 
some distance inland, thus giving to France a commercial 
prosperity which makes still more unintelligible to English- 
men the saying that Paris means France. The Douro, Tagus, 
Guadiana, and Guadalquiver drain Spain and Portugal to 
the west. 

124. British Islands. — No region shows more clearly than 
do the British Islands the imjx)rtance of the constant drain- 
age at all points of the coast, as compared with that of 
the rivers to which the attention of geographers is chiefly 
directed. The subjoined table, borrowed from Professor 
Creikie, will give a convenient standard of comparison for 
other rivers, and a clear idea of the data on which the rate of 
geological change is calculated : — 





Len^b. 


Drainage Area. 
Square Miles. 


Annual Discharge of 
Water in Millions 
of Cubic Feet. 


Annual DIschaiige 
of Sediment. 
Cubic Feet. 


Thames, 

Tav, 


200 


5,162 

2,500 

1,580 

700 

450 

400 


54,111 
144,020 
25,228 
94,614 
15,450 

- 1 


1,865,003 
49,660,000 

8,699,000 
36,622,000 

5,328,000 
1 lb. in 32 c. 
ft. of water. 


Clyde 

Boyne, 

Forth, 

Nith 





All the British rivers are tidal The Thames, navigable for 
110 miles above London, below which the estuary stretches 
for 50 miles, receives tributaries, which are, in fact, a series 
of canals for the conveyance of agricultural produce. The 
short course of the British rivers and their comparatively 
rapid fall, joined with their tidal character, forbid the forma- 
tion of a delta. 

. 125. Baltia — ^The lake region of Sweden, which bears 
comparison with America north of the latitude of Lake 
Superior, pours its surplus waters into ^<^^&i«2LXas^)^^ssa^H^s^^ 
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term for tlie whole body of water "which enters the German 
Ocean by the SkageiTack. The eastern side receives the 
Nevji, Dwina, and Niemen, in addition to a number of 
smaller streams; while Prussia contributes the Vistula and 
the ^ree. Judging by the number of well known names, 
the Baltic might be supposed to receive only a small amount 
of fresh water; yet it is clearly established that, since its 
communication with the ocean was reduced to what wo 
now see, the shell fish, which yielded to the early in- 
habitants of Denmark an abundant supply of food, are now 
stunted in size in consequence of the brackish character of 
the waters, 

126. Mediterranean. — ^The Spanish coast is di*aincd by a 
number of streams, of which the Ebro is the best known. 
The Rhone, which has a course of 500 miles, and di-ains an 
area of 25,000 square miles, has a geological importance 
which may be gathered from the fiu;t that, though ite course 
is one-fifth of that of the IIoang-Ho, it removes, judging by 
its sediment, one vertical foot from its drainage area of 
25,000 square miles in 1,628 yeara, while the Chinese river 
removes 1 foot in 1,464 years from an ai^ea 21 times larger. 
On the other hand, the Po, with a coui*se of 340 miles, and 
a drainage area very little larger (30,000 square miles), does 
the same work in 729 years. It is unnecessary to enumerate 
all the streams which enter the Mediterranean on the north, 
since all of them, with the exception of the Danube, the 
Dnieper, and the Don, drain only the slopes close to the sea. 
The Danube drains the gi-eat tract of Central Euroi>e which 
lies to the east of the sources of the Rhine, and between 
the Carpathians and Balkans. The Dniester, Dnieper, 
and Don are the leading streams of a tract which is only, 
so to speak, accidentally separated from the Caspian, the 
steppe region presenting a singular imiformity of aspect and 
condition. 

127. East and Soath Shores of Mediterranean.— If tho 

eastern boundary of the valley in which the longitudinal 
rivers — tho Jordan and Nahr el Avy (Orontes), flow respec- 
tively southwards and northwards — ^were prolonged to the 40tlr 
pamllel of latitude, and earned thence eastwai*ds to tho GOtli 
jMraUel of longitude; the line thus traced would mark off all 
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tte Asiatic di*ainage area which conti-ibutcs to the Atlantic. 
The streams ai-e numerous, but none of them are of great 
size, and the gi^eat^r number are ti*ansverse streams. It 
follows from what has been said regarding the origin of 
rivers, that such transverse streams indicate that they ai*o 
either of recent origin, excavated on emerging land, or (as in 
Scandinavia and Scotland) that the continuation of their 
valleys — that is te say, the tracts in which longitudinal 
valleys have been formed — are submerged. In either case the 
transverse sti^eams, corresponding to the so-called upper 
courses of gi-eat rivers, are of small importance as regards the 
commerce of the country. The insignificance of all the North 
African streams, except the Nile, is due partly to the small 
size of the coast drainage area, partly to the dryness of the 
region which, near the heated Sahara, and traversed by 
southerly winds, has rainfall only in winter; and as this 
is true sdso for the Syrian coast, the size of the streams there 
depends on the elevation and breadth of the high grounds 
where they take their rise. 

128. The Nile, the problems of whose source and floods 
have not yet been satisfactorily solved, has its most remote 
sources to the south of the Equator, and then traverses 36 
degrees of latitude, and may even have a longer course if 
Lake Tanganyika ^ould prove to be one of its feeders. Its 
descent from the level of Victoria N'Yanza is not continuous, 
being broken by a succession of cataracts, the first of which 
ore ^e Murchison and the Ripon Falls, on the rivers issuing 
from the Lakes Albert and Victoria N'Y'anza respectively, 
while the lowest is 555 miles above Cairo, or about 655 
miles from the Mediterranean. While the total descent is 
over 4,000 feet, the inclination of the bed of the river 
between the first cataract and Cairo is 6*5 inches per mile, 
and below Cairo is even less. The equatorial sources of the 
river are still uncertain, but the Abyssinian branches, the 
Atbara and the Blue Nile (Bahr-el-Azrek, long tliought to 
be the source of the river), are well known. The Nile is 
alone among rivers in having no tributary for the last 
1,500 miles of its course; The floods, therefore, which com- 
mence in Lower Egypt about the summer solsticey and last 
£»r 100 days — ^the river reaching its loweeb i^X^m K'^c^^x 
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May — ^mxist be duo to the rainfall and melting of snow in 
tlie equatorial regions. 

129. West Coast of Africa. — ^The same remark holds true 
for the West Coast of Africa, except in that region which 
corresponds to the latitudinal band of mountains over which 
the west wind blows fix)m one side of the continent to the 
other. The great rivers which pour into the Atlantic, the 
Senegal and the Niger, or Joliba, are derived from the gi^eat 
mountain masses; and the Zaire, or Congo, which drains the 
central basin, may yet prove also to derive a part of its 
water from the same lakes and mountains to which the Nile 
is traced. In all African explorations a chief difficulty lies 
in the seasonal changes of rivers and lakes, the wet season 
filling a channel which had before been dry, and changing 
firet into swamp, and then into a lake, what had been an arid 
desert. The continued residence necessary to recognize tlieso 
vicissitudes has not yet been possible for the European 
traveller; but it is well to bear in mind that conflicting 
repoi*ts regarding any one locality are sometimes reconcilable 
by reference to this fact, as it has been proved to be in the 
case of Lake Tchad. The Orange River of South Afiica 
di'ains the whole brejidth of the land from the eastern edge 
of the plateau to the Atlantic. Its history is not well 
known; but it contrasts by the length of its course, the con- 
tinuity of which is interi-upted during dry seasons, witli the 
streams which dimn the southern extremity of the continent, 
among which the transverse and longitudinal valleys ai'e 
beautifully exposed. 

130. Indian Ocean : East Coast of Africa. — The Zambesi 

is the piincipal stream of this side of the continent ; it is the 
counterpart of the Orange River as the drain of the central 
l^Iateau, but its importance, geologically speaking, is less than 
that of the Lufiji, which reaches the coast after traversing a 
range of mountains twq months' journey in breadth. It is 
not known whether this remarkable coui'se has been formed 
by the fusion of two streams flowing in opposite directions on 
either side of the lip of the central basin, or represents a 
primitive stream whose ix)ute was marked out during tho 
emergence of the land. Tho Zambesi is a striking example 
of riv^r erosion puro and simple, unaided by atmospheric 
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moisture during large part of its course. The walls of the 
ravine below the falls described by Livingstone are vertical, 
like those of Colorado Canons, and for the &imo reason that 
the dry atmosphere has no power of wasting the clifis, and 
giving them that sloping form charajcteristic of the valley 
walls of temperate regions (Art. 45). The size and peimancnco 
of the stream testifies to the abundant water suj>ply at its 
source, since evaporation during its coiu^e docs not affect 
its continuity. Abyssinia is drained chiefly towards the 
Nile, the streams which descend the eastern slopes being 
of the same character as that of the African coast lands 
generally. 

The Arabian shores are not sufficiently known to furnish 
any information regarding the probable annual quantity of 
water they shed seaward. The Abyssinian and Arabian 
coasts are identical in type, the characteristic table-lands and 
valleys of the African being repeated in miniature on the 
Asiatic side. But the streams in the nidlahs are uncei^tain, 
and the water is for the most part below the surface. The 
Tigris and Euphrates, which enter the Persian Gulf, drain a 
very extensive area southwards from the Armenian mountain 
chain which fronts the Black Sea, and bounded west and east 
by the valley of the Jordan, and the most westerly belt of 
Persia. No district shows more clearly that tlie area di-ained 
by a river can be spoken of as its basin only with some 
restriction. The alternately transverse and longitudinal 
streams which unite in the Euphrates indicate tliat seveml 
basins, or the convergent slopes which shed tlieir watera 
into one channel, have been opened into each other. If 
the north and south streams are the primitive coiuises formed 
as the land was raised, then the basins of the east and west 
tributaries are secondary valleys, and as such, poii;ions of tlio 
one great Euphrates basin ; if, on the other hand, the chains 
of the Taurus and Anti-Taurus formed the waterimi'tings 
which constituted the land they bound a water basin, then the 
Euphrates, which cuts thi*ough the southern baiiier, drains 
at least two basins. Tliis is cei*tainly the case with the 
Indus, the Ganges, and the Brahmapootra, all of which drain 
valleys in the Himalayan range, or belonging to the Thibetan 
plateauy and break thix)ugh the eouthieviL v^\si\sx\X» ^\ *^^ 
23 V 
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llimiUrtToa to roach the low country. The upper and lower 
coui'ses of all these rivers contrast markedly. The upper 
descend rapidly from the high gi*otmds of their sources, while 
in the pliiin they have lower slopes and a gentler flow. 
The di*ainnge areas of these rivers are together neai-ly equal 
to that of the Mississippi. 

The Irrawady and tie Saluen, which fall into the Gulf of 
Martaban, are the principal streams on the east side of tho 
Bay of BengaL They have not been traced up to their 
sources, but it is probable that they too descend from tho 
eastern portion of the Thibetan plateau. 

131. Southern India: Homomorphio with Africa. — Tlio 

peninsula of Southern India resembles Africa south of tlie 
Sahai-a, in consisting of an elevated table-land with stec]> 
seaward faces, the edges of tho plateau rising into hill 
itingcs. The plateau averages from 2,000 to 4,000 feet of 
elevation, the greater height being in the south. Tho 
Eastern Ghauts are lower than the Western, which reach to 
5,000 or G,000 feet on the Malabar coast, while the Nilgherry 
Hills even attain to 9,000 feet. The form of the mass is that of 
a pyramid whose base fronts the Himalayas, and is separated 
from them by the valley of the Ganges, into which part of 
the drainage flows, and which was once the sea channel that 
isolated Southern India. But the smaller dimensions of the 
pyramid have given to the periodic rainfalls a power which 
has resulted in the formation of streams draining the wholo 
area, and flowing in valleys of denudation often of considerable 
dimensions. The naiTOwness of the coast land gives littlo 
importance to these streams commercially. 

132. Table of Relative Geological Importance of Princi- 
pal Rivers. — The following table has been constructed with 
a view to show the relative importance, geologically, of the 
principal rivers which have been made the basis of investiga- 
tion by those who seek for a standard of geological time. 
The known proi)ortions of sediment are assumed to bo 
those which the rivera would ofier if they all had the samo 
drainage area as the Mississippi. Of course tlie student 
will bear in mind that enlarging the scale of natural 
phenomena not unfrequently means altogether changing 
their character. He will^ therefore^ look on this table as 
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sliowing the relative, not tho absolute, pi*oportions for tlio 
respective districts: — 



Kame of River. 



Mississippi, 

Ganges, 

Hoang-Ho, . 

Rhone, 

Danube, .... 

Po 

Kith, 

Tay, 

Thames, .... 

Forth, 

Clyde, 

Boyno, 



Equal DnUna^ Area 
iu bquoro miles. 



1,147,000 



Equal Annual Dischars^o 

of Scdimeut in 

1,000,000 cubic feci. 



7.459 
15,920 
28,908 
27, GOO 

6,265 
57.380 

2.867 
22,491 
11,980 
12,740 

5,808 
26,208 



133. Pacific Basin: Eastern Asia.— The Philippine Archi- 
pelago, like that ot the West Indies, lies to the east of tlic 
banier — ^here, however, incomplete — which separates two 
ocean areas. The di-aiiuige of the islands, insignificant for tho 
most part, poui-s into one or other ocean in varying quan- 
tities. Thus, while rain falls in Java well nigh throughout 
the year, and is copious to the east of Timor, the area 
between Timor and Java, including the eastern pait of Kent 
Island, is diy, tlie "winds blowing over Australia acting 
towards them as the Sahara to the north coasc of Africa. 

The eastern drainage area of the continent widens steadily 
fitnn the extreme norfii-east till tlie sources of the Hoang-IIo 
are distant from the coast line 25® of longitude, while the 
axis of the Malayan peninsula forms its boundary in the soutli. 
As the ai"ca widens, the low gi'ounds inci*ease in extent, and ai*e 
travei-sed by numberless streams, which give the region groat 
fertility, and are themselves of commercial impoi-tancc, fi-oni 
tlio case with which they can be opened into each other, tho 
canal system of the Chinese Empiro enabling every inch of 
tliat vast ai'ca to bo productive. The Hoang-Ho, tho Yang- 
tze-Khuig, and tho Amoor, are the three grand streams of 
this ai'ca. The principal facts concerning the YclUi\s B5c;vsc 
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have been already stated ; the Yang-tze-Kiang, or Blue River, 
has a course of 3,600 miles, and is connected with the Hoansj- 
Ho by canals ; the Amoor has a very tortuous course of 2,600 
miles from its source S.E. of Lake Baikal, and is navigable 
by steamers for 2,200 miles. The floods of the Yellow River 
show some peculiarities, of which no adequate explanation 
has been given, the possibility being that while the excess 
of water is in some places spread over swamps, the junction 
of other streams, whose history is not known, supplies at tlie 
flood season an equivalent for the water thus lost from tho 
main channel. The interior of China is accessible for 900 
miles by vessels — for the upper 300 miles only by those of 
small size; but far beyond that limit water transpoi-t is still 
possible. The- Song-ha which enters the Gulf of Tonquiii, 
and the Camboja, which enters the Gulf of Siam, have their 
head waters connected by a canal. 

134. Eastern Shores of the Pacific. — The narrow strip of 

land which skirts the base of the longitudinal mountain chain 
is intersected by many streams, the waters of which are more 
copious than their length would lead us to expect. But tho 
catchment basins in the mountains are many and deep; and 
tho Pacific watershed is enlarged by the transverse valleys 
which drain the great longitudinal valleys seaward. The 
abundance of the water supply at the sources is testified, as 
in Africa by the Zambesi, in North America by the Colorado, 
which flows as a large stream through a more ai-id region, and 
enters the Califomian Gulf, which is, in truth, the submerged 
southern end of a longitudinal valley. The streams of 
Southern America are short, rapid torrents. 

135. Australia. — This fragment of a continent, homomor- 
phic with Africa and Southern India, still resembles the 
former in the fewness of its rivera to the north, and their 
greater number to the south of the central dry plateau; tho 
northern streams are, further, like those of Africa in their 
variable character. The Murray River, the largest of tho 
southern streams, receives the Macquarrie and Darling Rivers, 
and thus drains the inland versant of the Blue Mountains 
towaixls the west and south-west in such a way as to suggest 
a river that once flowed into the central basin of a contment 
which is now submerged. 
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The streams of New Zealand are simple; but those of the 
South Island, whose sources are in the glacier grounds, are 
slowly extending the fertile low grounds eastward; while the 
dangers attending their floods promise to advance our know- 
ledge of river phenomena by the engineering precautions 
which the increasing value of the territory requires. 

136. Continental Rivers, or Rivers of Inland Drainage. 

— Hitherto we have spoken only of the rivers which enter 
the sea; but a large quantity of the drainage of the land is 
directed to the inteiior, forming lakes whose indefinite 
growth is arrested by evaporation; nay, even their formation 
is in some cases prevented, and the streams are dissipated in 
the atmosphere without accumulating. These areas of in- 
ternal drainage ai*e the interior of Africa, north and south of 
the equator; the centre of Asia, north of the Himalayas; the 
Aralo-Caspian area on the confines of Europe and Asia, 
though it would be perhaps more simple to regard as one the 
great tract from the Black Sea to the confines of China. 
But the area is divisible into two, Aralo-Caspian area noting 
a tract only recently separated from the Mediterranean, while 
the rest of Central Asia consists of plateaux, which rise to 
1 7,000 feet above the sea level. The Volga and Oural are the 
lai^gest rivers which enter the Caspian from the north; the 
former having a course of more than 2,400 miles, and drain- 
ing an area of 550,000 square miles on the west of the Oural 
chain, while the Oural has a coiuTse of half that length in the 
east The Aras (Araxes) drains large part of the Caucasus, 
while the southern shores receive the torrents from the high 
lands which bound the Iranian desert to the north. On the 
east the streams are few, and confined to the extreme north 
and south ends of the lake, unless the overflow of the Oxus 
reaches the Caspian about 39® lat. N. The northern and 
southern extremities of the Aral Lake are the only points at 
which streams enter — the Amu Daria (Oxus) being at the 
southern, the Syr Daria at the northern end. 

It is impossible in the present state of our knowledge to 
give any details regarding the number and size of the streams 
which lose themselves in the deserts, such as the Salt Plains 
of Iran, in which the river disappears that passes Is^jxolsAXiu 
Their history is a subject of great interest) tasic^^^ ^c^as^c^^^^^ 
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in which water is always present on the margins of these 
wastes exhibit an amount of erosion only explicable on the 
supposition that they are the valleys fashioned under other 
climatal and geographical conditions, the date of which niny 
yet be ascciiained. 



BECTION n.— WATER IN THE INTERIOR OF 

THE EARTH. 

Lakes : thoir Classification — ^Lakcs Formed by Irregular Surfaco Ac« 
cumulations : by Overflow : by Obstructions : by Glacier Erosion : 
by Subterranean Erosion : in Areas of Subsidence : by Elevation 
— ^Continental Lakes — Analysis of Lake Waters — ^Ancient Lakes 
and Lacustrine Areas — Filling up of Lakes. 

137. Lakes: their Classification. — ^It is impossible to 

Boparato the rivers of inland drainage from lakes, since the 
conditions which determine the former are the same as thooo 
which allow of the formation of the latt'Or. 

A lake is a body of fresh or salt wat^r which has no outlet, 
or whose superficial area greatly exceeds that of its outflow. 
In these, as in all other natuml phenomena, it is exceedingly 
difficult to draw a sharp line of demarcation, and it may bo 
asked if the Sea of Azof or the Baltic are to bo considered 
as lakes. The only possible answer is that they hover on the 
border between sea and lake, and that the existence of tidal 
movements may be held to constitute a real difFcrence. 
Popular speech has acknowledged the difficulty; for the fiords 
of the west of Scotland are called lochs, and the distmction 
between giUf and lake is evanescent when we find that Loch 
Fyne has .a shallow but broad mouth, that the Gai-eloch has 
a shallow and narrow outlet, and that tlie shallow and nar- 
row outlet of Loch Lomond is some miles fi-om the cstuarv, 
a diflerence of elevation giving to each of these three their 
distinctive charactei's. 

Lakes may bo classified as follows: — 

I. Lakes which occupy hollows in superficial accumula- 
tions — 

L Lakes formeil by irregularity of surface accumulation, as iu the 
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hollows formed by confluent mounds of sand and gravel; by 
contiguous morainic mounds; or by sand or shinglo bars on 
tliG coast. 
2m Lakes formed by obstruction, which may be (a) temporary when 
a glacier blocks the mouth of a lateral valley; or (b) of greater 
duration when alluvial gravel or a moraine chokes up a 
valley, or when a lava stream crosses a river bed ; (c) lakes of 
overflow. 

II. Lakes which lie in rock basins — 

3. Lakes formed, or at least deepened, by glacier erosion. 

4. Lakes formed by subsidence : (a) when soluble strata have been 

washed away, letting down the surface; {b) when subter- 
ranean movements, as earthquakes, allow the surface to 
subside. 

5. Lakes formed by elevation, as may happen when the mouth of a 

valley in a disturbed district is closed by upheaval. 
G. Lakes formed on plateaux, as in equatorial Africa, Asia, and 
Australia. 

This classification cannot be regarded as perfect, since each 
of these groups may merge into another, the last threo being 
j)orhaps reducible under one. 

138. Lakes formed by Irregularity of Surface Accumu- 
lations. — The sand and gravel mounds known as eskei-s, 
osar, or kames (kaims), fi-cquently unito so as to sun-ound 
cups or grooves in which water may lodge, forming small tarns, 
as among the great gravel mounds of Carstairs, in Lanark- 
shire. This also happens among the close-set morainic mounds 
of glacier valleys. Lagoons are formed by storm accumula- 
tions of sand or gravel parallel to the coast, or by the irregu- 
lar deposit of the materials of a delta, as in that of the Rhone, 
the ctanga being due to both of these processes. Lakes of 
this class are few and insignificant. 

139. Lakes Formed by Obstructions. — The parallel roads 
of Glen Roy, which are the successive beach lines of a sinking 
lake, illustrate the effects of a temporary obstniction, such as 
is seen at the present day in the Marjelen See, the ])arrier of 
which is a glacier moving across tho mouth of the valley. 
Such a barrier is temporary in this sense, that it depends on 
climate, an increase of annual average tcmpcratul^3 causing 
its disappearance, whereas dctrital barriers ai*e not so re- 
movable. Lakes in the courso of rivers ai*e often duo to 
inequality in the texture of tho stoAA \!!as«ivv^ V^^ *^^m^ 
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cliannel is worn, in consequence of which only a narrow 
gi'oovo is cut with difficulty, while above, the softer strata 
Lave allowed a wide valley to be formed. The waters held 
Lack above the banier widen the space in which they are 
contained. But such lakes are obviously of recent origin, as 
they ai-e of necessity temporary, since the river sediments, 
S})oedily deposited in the stiller water, tend to fill them up 
and convert them into alluvial plains. Some of these lakes 
are of considerable importance, and should perhaps be referred 
to the third group, since their features have been, in many 
cases, exaggerated in temperate regions by the travelling of 
glaciers down their hollows. Shallower lakes arise by the 
deposit across a valley of a mass of detritus by a tributary 
stream ; and the same result follows when a glacier pushes its 
mominc so as to occlude the channel of an adjacent stream. 
But the grandest examples of such obstruction are to bo 
seen in America, where the pre-glacial river channels have 
been filled up with boulder clay, the moraine pro/onde of the 
continental ice-sheet; and, on the disappearance of the ice, 
the rivers resumed their previous courses. As has been 
already stated, the great size of Lakes SuiDcrior, Michigan, 
Huron, and Eiie, is probably due to this cause, the oblitera- 
tion of their southward chaimels ending in their overflow into 
the St Lawrence 'I'alley. Scrope describes a rare case of 
the Lake of Aidat, in Auvergne, formed above a lava stream 
which crossed the bed of the river. 

To this group ought to be referred lakes of overflow, where 
the bed is too small for the flood waters which pour over on 
the adjacent lower ground. If from any cause the flats into 
which they pour are limited, a lake may result which will be 
alternately tilled and emptied as the river rises and falls, till 
at last the river banks may be raised so high that a permanent 
sheet of water is formed, and this event may be secured by 
the obstruction of the channel of overflow, as in Louisiana, 
where i*afts of wood sometimes stick at the mouth of the 
breaches in the river bank. 

140. Lakes of Glacier Erosion. — The tempei-ate regions, 
America north of 45* N. lat, Sweden, Finland, Russia, 
Scotland, and Cumberland and Wales in England, at tho 
Antipodes (New Zealand)^ abound in lakes^ whose limita- 
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tion to tie leading lines of the valleys of the country 
is singularly close. Professor Kamsay has proved that to 
the action of ice a very large number at least of these lakes 
is directly due. Tlie evidence in support of this view is, 
first, that the lakes occur in the line of extinct glaciers; 
second, that the deepest part of their basin is below the level 
of the channel beyond the outlet; third, that at least in many 
cases the outlet is through or over a barrier of rock, whose slope 
down towards the deepest part of the lake is more rapid than 
that of the upper portion of the lake floor. It is evident that 
water, even running water, has no power to excavate its channel 
deeper at one point than at another, more especially when 
there is not merely a considerable difference of depth at 
various points of the lake bottom, but, in a large number of 
cases, the deepest part is below the level of the sea. A lake, 
in fact, cannot make its own basin; it cannot deepen its own 
basin in the same way that the Lake of Geneva or Loch 
Lomond is deepened; its only power is to^widen its valley 
by wearing away the banks at its margin. It has been 
suggested that many lakes are in the position of former fi-ac- 
tures or /dislocations of strata; but in very few cases, if in 
any, is there discord between the strata on opposite sides of 
the valley. There has been therefore no relative displace- 
ment of the mass, such as constitutes a fault; and, even if 
such difference exists in some cases, it would be necessary to 
prove that faults as a rule coincide with the line of valleys. 
But, though instances of such coincidence may be found, 
faults, as a general rule, traverse a country very irregularly, 
their dates of origin being anterior to, or subsequent to, the 
formation of valleys, and their lines without the slightest 
relation to these results of denudation. This question has 
already been discussed in treating of the origin of valleys; 
its special application to the case of lakes is required, because 
it has even been suggested that lakes have been in some cases 
determined by the fissure of a fault But such disruptions of 
solid rock do not occur as open fissures at the surface of the 
ground, the mode of their formation (Art. 26) rather making it 
obvious that the close approximation of the fractured surfaces 
is the rule; and, though it is quite true that such a fracture 
line would be a line of weaknesSi aad ^<Q(c^^t^ ^bq&kssss^ ^^ 
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detormino tlie course of the stream along it, if the fracture 
was parallel to the slope of a plain of denudation, it must 
bo remembered that such coincidence cannot be expected 
to have been very frequent, and, even when it did occur, 
it would rarely happen that the line of the fault and the 
course of the pnmary streamlets coincided. 

If we take as an example the large lakes or lochs of the 
West of Scotland, we shall find that in Loch Long the great- 
est depth ia not in the centre of the loch, [but alternately 
nearer to one or the other side. Es2)ecially is this the case 
beiow the point at which Loch Goil joins the main valley on 
the west, where the deepest water is found below the cliils 
on the east side. From that point the water slowly shoals from 
48 fathoms to 34 near the mouth of the loch, the deepest 
water being thus found about 6 or 7 miles from the Clyde. 
In the Gareloch, a vestibule of shallow water exists outiiido 
the barrier, so that the 21 fathoms found within the barrier 
represents a greater depth than is met with in the Firth of 
Clyde for 4 miles farther down. Near the mouth of Loch 
Fyne, again, a depth of 104 fathoms has been ascertained; but 
the opener water for some miles below the point of junction 
with the estuary does not show moi*e than 85 fathoms. In 
all these cases, then, we have rock basins, as they have been 
called — that is to say, lakes resting in hollows of the solid 
rock — whose gi'eatest depth exceeds that of the channels into 
which their suri)lus waters are poui*ed, and whose outflow is 
over a baiTier of solid rock, not of mere superficial detritus. 
The same facts are illusti'ated by others of the West Highland 
lochs, it being especially noteworthy that the line of deepest 
soundings is deflected at the |>oints of junction of two valleys, 
and follows also the course which a glacier would have followed 
in the main valley, approaching alternately to one or the 
other shore. Tlie example by which Professor Ham say 
established his thcoiy — that of the Lake of Geneva — is that 
of a lake 983 ft. in depth at its deepest paH, which is nearly 
in the centre; a glacier cntei-ed the lake with the thickness 
of not less than 3000 ft., and thus exerted on the com- 
paratively soft rocks of the bottom an enormous vertical 
pressure, which greatly increased the eroding power conferred 
by the forward movement of the mass. But, from tlie poiut 
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where this grinding action was greatest, it must have dimin- 
ished in proportion as the ice was melted, in the same way 
that, at the present time, the lower extremities of glaciers are 
thinner than the upper; hence the friction which, if continued 
with equal force, would have sufficed to grind down a whole 
valley to the same depth, was arrested, and left a hollow, 
which, when the glacier retreated to its present limits, became 
filled up with water, and the Rhone now flows out of the 
lake in an ordinary river valley. It must not be supposed 
that this theory is applicable to oil lakes; all that is contended 
for is, that it solves the problem of the occurrence in so many 
i-egions, where ice has formerly existed in considci-ablo 
quantity, of deeply excavated basins, whose floor is below tho 
level of the channel of outflow, and in many cases also below 
— it may be considerably below — the level of the sea. 

141. Lakes Formed by Subterranean Erosion. — A few 

lakes, of small size, arise in some low-lying districts in con- 
sequence of subsidence, after the removal of some of tho 
underlying bodies of rock; thus, in limestone districts, under- 
ground channels frequently exist, tho calcium carbonate 
having been slowly washed away by water containing de- 
composing organic matter; and the subsidence consequent 
upon tho breaking- in of the roofs of tlieso undergi-ound 
channels not merely creates a depression, but, by blocking 
up the subtermnean watercourse, forces its contents up to 
the surface. The removal of solid beds produces a similar 
elTcct, whether the removal is natural, as in the limestone 
districts and where beds of rock salt have been dissolved 
away, or artiflcial^ as where subsidence follows mining 
operations. 

142. Lakes in Areas of Subsidence. — The Caspian Sea, or 

lake, as it ought strictly to bo called, covers an area as large 
as Spain, its length being 180 miles, its avei-age breadth 210 
miles, and its maximum depth 3,000 feet. Not merely is its 
surface 83 feet 6 inches below the level of the Black Sea, 
but if tho barrier between the two were submerged, a vast 
tract of land would be beneath the waters, including Astra- 
khan and Orenburg. There can be no doubt that this great 
basin is one of true depression, in which the Aral Lake has 
to somo extent shored. It ia about oiift-^^i^ ^1 ^^ '^^a* ^ 
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evidence, it is safer to speak of their relatic 
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formation by rapid subsidence is that of ^ 

State the earthquake of 1811 — 12, felt ovc 

miles north and south, let down a tract c 
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To this group may bo refen*ed a cci-tain i 

lakes, never of any very gi*eat size, which occi 

some extinct volcanoes. Their waters are ei< 

atmospheric sources, or they are filled from 

ranean channels. In Trinidad, a lake wai 

western coast by the subsidence of a patch of 
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and the explanation is suggested because tlie general features 
of these valleys strongly resemble those of ordinary valleys 
excavated by rain and livers. To this gi*oup belong Lako 
Titicaca and its analogues in the Andes^ and Salt Lake in 
the Bocky Mountains. 

144. Continental Lakes. — ^A large number of lakes cannot 
be referred with certainty to any of the above-mentioned 
groups ; the topographical details, as well as the geological 
structure of the areas in which they occur, being unknown or 
imperfectly known. The gi'eat lake region of Afiica is 
possibly in an area of subsidence, at least in paii; ; but the 
origin of each particular lake is unknown, as their relations 
to each other are still obscure. Lake Tchad is variable in 
its dimensions, being in some seasons a shallow lake covering 
upwards of 200,000 square miles, at other seasons reduced 
to a marsh, connecting pools. The country in the midst of 
which it lies is a wide, grassy plain, the monotony of which 
is scarcely interrupted by a shrub. If the definition of a 
lake involves the idea of a special basin, Tchad scarcely 
fulfils this condition. The temporary lodgment of water on 
the surface of a plain is a frequent occurrence on the plateaux 
of Africa, Asia, and Australia, and the former existence of 
such sheets in regions now too arid for the development 
even of a marsh, is proved by the rait incrustations on 
the surface left on the evaporation of the water. Tho 
following are the principal lakes of Equatorial and Southern 
Africa: — 

Height above Sea. 

Victoria N'Yanza,...3,740, or 3,308, Speke. 

Albert N'Yanza, 2,720, Baker; 2,500, Buchan (compnted). 

Tanganyika, 2,880, Livingstone; 2,800, Finlay (computed). 

Liemba, 2,880, Livingstone. 

Bemba, 4,000. 

Nyassa, 1,522, Kirk. 

Whether Tanganyika is in connection with Albert N^Yanai, 
as Baker was informed by the natives, or is distinct from it, 
as Livingstone believes, rests still (1873) on the accuracy of 
the observations of height above the sea, in defect of the 
practical solution by success or failure in the attempt to pass 
from the one to the other. The oonfliotin^ Et».\j^\SL^\^^>sca^'i^ 
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Australian continent luus gi*eat sheets of 
their limits being variable, as in Afric 
comparative lixity, and association with 
is ])ermanent, arc points on which thei 
information. 
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interest from the circumstance that the solo affluent of the 
Dead Sea is the Jordan, which flows out of a fresh water 
lake, that of Tiberias. 

Lakes have been divided into groups — ^those which have an 
outflow, and those which have not. This simple grouping 
corresponds in some respects to the difierence between salt and 
fresh water lakes. But as the saline character varies, the 
Caspian and the Dead Seas being very xmlike in this respect, 
the lakes which have no outflow may perhaps bo divisible 
into those wluch have an abundant supply of fresh water, 
and those in which it is small relatively to the size of the 
lake. Since salt is found crystallized or efflorescent wherever 
fiheets of fresh water have evaporated, as in the steppes of 
Hussia, the plains of North Persia, of Afiica, America, and 
Australia, the facts of the Jordan valley justify the pro- 
visional generalization that when a lake is fresh the pro< 
bability is that it has a steady supply and discharge, even 
though the latter may bo secured by percolation through 
fissures in its basin. Much stress cannot bo laid on iJio 
apparently exceptional case of the Caspian, for though that 
lake was probably Salter when its separation from the Black 
Sea was accomplished than it now is, there is reason to 
believe that its saltness is increasing, evaporation lowering 
its level more rapidly than the fresh water is poured in. 

146. Ancient Lakes and Lacustrine Areas. — Guided by 

the analogy of existing formations, Mr. Godwin Austen first 
suggested that tho old red sandstone deposits represented 
lacustrine formations on a large scale. Professor Bamsay 
has applied this suggestion in the investigation of several 
geological formations, and has succeeded in showing the pro- 
bability that most of the red coloured strata have been formed 
in lakes or inland seas. The red colour due to the presence 
of salts of iix)n cannot be explained on the supposition that 
these strata represent accumulations in the open sea, since 
all marine strata with which we are acquainted are of various 
hues, but never red. It is scarcely to be expected that a deposit 
of peroxide of iron should take placo in the ocean, since itd 
diflusion would certainly be immediate. In many lakes, as 
in those of Sweden, peroxide of iron is deposited ; and the 
old red sandstone^ at least of the Scottish ty^^ ia osv ^x<i^?^- 
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saline. The same reasoning -would apply to the cambrian 
and other red-coloured palseozoic strata; but the corrobora- 
tive evidence derived from the character of the fossils cannot 
be obtained, in consequence of the small amount of unaltered 
Cambrian strata now exposed at the surface, and the great 
metamorphism to which the deposits of that age, in England 
and Ireland, have been subjected. 

147. Pilling up of Lakes. — The history of a lake basin 
subsequent to it« formation is very simple. Every tributary, 
as well as the main sti-eam, carries down its contribution of 
detritus, and if the lake is of any size, the sediments have 
time to subside, at least to a considerable extent, before the 
waters reach the point of outflow. Delta formations com- 
mence, and gradually carry the mouths of the streams fai-ther 
out towards the centre of the lake, till at last they join the 
main stream as it flows through the swamp, which the shallow- 
ing of the water by deposit tends to fonn. Thereafter we should 
have a river flowing through a plain of alluvial materials, and 
joined by tributaries at various angles. This is the explana* 
tion of the frequent occurrence of alluvial plains at various 
levels in the course of streams. The subsequent events are 
identical with those that take place in the plains of open 
grounds, the river gradually cutting its channel deeper into 
the alluvial soil, shifting its position from time to time, and 
thus at once deepening its own bed and slowly lowering the 
general level of the plain. 

SECTION HL—WATER IN THE INTERIOR OP 

THE EARTH. 

Conditions whioh permit its Presence — Springs due to Percolation, 
or Connection with Volcanoes — Water Supply of London — Limit 
of Saturation — Pollution of Water — Retentive Power of Strata 
due to their Character, or to Subjacent Strata— Lodgment of 
Water — Leakage of Subterranean Reservoirs — Artesian Wells — 
Yield of Springs — Contents of Spring Water — Mineral and Ther- 
mal SprinCT— Sprines in Yellowstone Valley — Thermal Waters 
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148. The Ck)nditions which permit its Presence.— 

Hitherto wo have treated of water in the form of extensive 
sheets — oceans; of smaller sheets — lakes and inland seas; 
and of the tributaries of these — ^rivera. We have now to 
consider the v/ater held in sus]>cnsion in the atmosphere, and 
the various forms under which it returns to the earth. In 
the present section we shall sj)eak of the circulation of water 
in the interior of the earth, its movements, its properties, 
and its results. The quantity of water which sinks into the 
soil is obviously proportioned to the porosity of the surface, 
and to the length of time during whicli it is retained on any 
particuliu' point. Thus, if water falls on a rock surface, the 
greater part of it flows off directly; if it falls on sand — sup- 
posing that the sand is not overheated, as is that of the 
desei-t — ^it sinks in, and descends vertically, until it is 
aiTcsted by some less porous stratum. 

149. Springs exclusively due to Percolation, or Connec- 
tion with Volcanoes. — ^It may bo said in general terms that 

there is a subterranean circulation parallel to that on the 
surface; and, if there were no curvatures of the sti^ata such 
as have been described, we should expect to find the largest 
quantity of subterranean water in the low grounds. The 
exceptions, however, to this general statement give rise to a 
large number of varieties of springs — varieties both as regards 
their origin and their chemical properties. Those springs 
which are more or less intimately related with volcanic 
j)henomena illusti'ate two different sets of conditions; in the 
one case the springs are directly due to tlie volcanic action, 
and in the other they are only modified Ijy the vicinity of 
volcanic activity. Water which sinks into the soil is either 
retained by the strata into which it passes, or, if the quantity 
of moisture supplied is in excess of their retentive power, it 
escapes du^ectly, but unseen, into rivers or the sea, or sinks 
to still lower levels, or issues at the surface in the form of 
springs. 

150. Water Supply of London.— The history of the city of 

London illustrates, perhaps better than any other case, at 
once the economic importance of undergi'ound water supply, 
and the principal geological features upon which that supply 
depends. The valley in which London is situated is bounded 
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to the north by the outci'op of the chalk in Hertfordshire, to 
the south by the outcrop of the chalk in Surrey, and in the 
hollow thus formed lies the London clay, a mass of lower 
eocene strata. A vertical section beneath London passes 
through the following strata : — 

Bagshot Beds, 
London Clay, 

Woolwich and Reading Beds, 
Thanet Sands, 
and these rest upon Chalk. 

Thus there is on tha surface a permeable stmtum of grave* 
from 10 to 20 feet in thickness, resting upon tenacious clay 
of from 100 to 200 feet in thickness, while beneath this 
retentive mass 70 to 100 feet of sands and gravel are inter- 
posed, and the subjacent chalk is itself also porous. The 
growth of the City of London has l>cen determined by this 
upper gravel mass, for the ease of obtaining water supply 
fixes the population necessarily on its surface. Where, to the 
west and north-west of London, clay is exposed at the surface by 
denudation^ population for a long time was aiTCsted, untU 
artificial water supply was obtained. Again, the river and 
its tributaries are bordered by a lower lying bed of gravel, 
and on this again a line of villages sprang up. The popula- 
tion became continuous, and extension into the adjacent dis- 
tncts was possible only when water was conveyed from a 
distance by conduits. Again, the northern heights of Lon- 
don are composed of sandB from 30 to 80 feet thick, which 
readily yielded a sufficient number of wells for the villages 
which formerly occupied these sites. To the west, where the 
Bagshot sands increase in thickness to 300 or 400 feet, the 
depth to which it would have been necessary to sink for water 
prevented these localities from being occupied. Finally, 
where the sands which underlie the London clay crop out at 
the surface, the line of outcrop determined another series of 
villages. There is therefore a trough in the centre of which 
a large quantity of water accumulates, part of it being above 
and part below the level of the river and of the sea. The 
water sinking through the gravel which borders the river has 
its level determined by that of the adiacent ctrcam, and the 
surplus would overflow at tho surface if an opening were ^\:<y 
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vided for its escape. But if, either by di*ouglit or by an 
excessive withdrawal of water through these wells, the quan 
tity contained in the porous strata is very much diminished, 
then the level will sink correspondingly, and none will over- 
flow. (Prestwich, Quart, Jour. Geol Soc,, 1872.) 

151. Limit of Saturation. — ^The limit of saturation, there- 
fore, has a very important effect upon the amount and per- 
manence of water supply. In the centre basin the sands are 
from 100 to 200 feet below the level of the Thames; at 
Greenwich, the basin containing these strata is notched to a 
depth of 100 feet, and below the level of the bottom of this 
notch the London basin is constantly saturated. The chalk 
is itself permeable by water, but it is comparatively retentive, 
since a cubic foot has been found to retain 2 gallons of 
water by mere capillary attraction, and the water is dis- 
charged therefore very slowly. But the chalk is traversed by 
fissures and broken up by lines of flints; and although these 
above the limit of saturation are, so to speak, slow conduc- 
tors of water, the movement below that level is very much 
more rapid — there is, in fact, a tolerably free cii*culation. 
The gradual drainage, by artificial wells, of the strata above 
the chalk has compelled the penetration of the chalk itself, 
which now supplies a large part of London south of the 
Thames. The water is, as has been said, derived from the 
Buiface, the rainfall being the most important source; but 
some is also obtained from the adjacent high grounds, while 
the river, aided by the rise and fall of the tides, dams back a 
largo body of water at and below its own level. 

16L Pollution of Water. — It is obvious that, in addition 
to the rain, any substances found upon the surface will like- 
wise flow down into this subterranean resei'voir; and 
attention has been called to the fact that around London tho 
old habit of sinking cesspools has contributed a considerable 
quantity of contaminating matter to the water supply. 
That these matters travel downwards with exceeding slow- 
ness is true, and it must also be remembered that the more 
distant is the source of the evil from the great body of the 
water, the gi'eater is the chance of injurious substances being 
permanently kept back by filtration ; but the danger is one 
deserving of consideration. 
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ISSw Betentive Power of Strata due to their Character, 

or to Subjacent Strata. — The retentive power of strata 
varies considerably ; the case of the chalk lias already been 
mentioned, and the sandstones of the older deposits are per- 
haps even more retentive than it It may in fact be said, in 
general terms, that the return of the water to the surface 
would be restricted entirely to the escape between the planes 
of stratification, but for the joints and fissures with which all 
rocks are traversed. In the case of a conical hill, composed 
of nearly horizontal strata of which the lowest above the 
level of the valley is very hard, the quantity of water con- 
tained in the hill above the hard bed will present a curve 
which rises highest in the centre, and has its height deter- 
mined by the annual rainfall. In such a case springs might 
be expected to issue at the junction of the softer and the 
harder rocks. 

164. Lodgment of Water. — ^Where the strata are highly 
inclined, and especially where they are finely laminated, even 
though they themselves are not porous, sur£M;e moisture will 
find its way down the stratification planes, and the succes- 
sive layers of water become connected by the joints and fissures 
of the strata, so that, following the inclination or dip of the 
beds, we should expect to find at some point a reservoir, 
whose place might be fixed with tolerable precision if the 
strata curved in the opposite direction so as to form a 
Bjrnclinal trough. But in the centre of the trough a fissure, 
whether due to a fault or to the upward passage of a trap 
dyke, might form a natural drain for the reservoir, and thus 
the water might escape to still lower levels. 

155. Leakage of Subterranean Reservoirs. — The general 
proposition that a series of porous strata resting upon an im- 
pervious one, more especially when a natural trough exists, 
will yield a supply of water, is dependent on the contingency 
of subterranean disturbances, the existence of which may not 
be indicated by the surface features. But in a series of 
water-conducting strata, a fault line or a trap dyke may have 
the opposite effect of damming back the water, and thus 
forcing it to escape at the surface, and we have, in such a 
case, a natural Artesian well. 

166. Artesian Wella.— These wella Wr^ ^^srv:^^ 'v^'S)^ 
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immo fi*om tlio place in which they have been so long cm- 
ployed, ArtoiSy in France. The method of sinking an Artesian 
well is the same as that by which we endeavour to ascertain 
the presence of underground minerals. Augers, iron instru- 
nioiita, wo gradually simk down by the hand, or, when the 
(U»pth is givat, by machinery, the hard rocks being pounded 
mid tlio debris withdrawn, and when the instrument at last 
l»cnotmtcs into the water-bcaiing bed, the fluid escapes to tho 
Hurfaco with varying force and persistence. If the boring is 
anTHUMl at this jwiut, the supply may be peimanent; if it is 
canned still fartJier, the i>enctration of oUicr reservoirs may 
y irld an iuciTased quantity; but it has happened that the la^ 
rt'toutivo stratum has been passed through, and the water, 
instead of escaping at the surface, sinks to still lower 
lovels. Tlio doei>est wells in England range from 450 to 550 
foot, and tho water which escapes from them comes from tho 
olmlk hills at least 15 or 20 miles from London. The well 
i»f Ciixjiiollo, the bottom of which is more than 1,700 feet 
bolow tlio sea level, drains a district above 100 miles distant 
fi-oni Paris, its lowest point being 1,798 feet; that of Passy 
is sunk to 1,923 feet. The diameters of these bores are 
various, but tho Passy well is 4 feet at the suiface and 2 feet 
i inches at the bottom. At La ChapcUe, St. Denis, Mr. 
Pi'cstwicli says tho bore was commenced 157 feet above the 
sea level; a shaft, 6 J foot in diameter, was sunk for 113 feet; 
the boro thence started with a diameter of 5 J feet, and in 
1872 had reached a depth of 2,034 feet, with a diameter of 
4 foot 4 J inches. It is expected that the lower greensands, 
the stratum below the chalk, will be reached at a depth of 
2,300 feet While the boring usually goes on uninterrup- 
tedly, it happens occasionally thltt tho auger suddenly sinks 
some distance, and the inference is that the instrument has 
peneti'ated into a hollow reservoii*. From such a reservoir 
at Tours were obtained land and fresh water snails and the 
seeds of water plants, and in Westphalia, under similar cir- 
cumstances, fish were obtained, these having doubtless como 
from the nearest streams, situated sevei^ leagues away. 
Desor verified Zickel's observation, that fish were obtained 
from the Artesian well in the oasis of Ain Tala, in the north- 
eastern part of the Sahara; and as these fish are found like* 
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wise in the neiglibouring pools, it is probable that the pools 
and the wells are both supplied from a common subterranean 
reservoir, to which distant streams have contributed by 
canals wider than simple fissures. 

167. The Yield of Springs.— The quantity of water which 
issues from springs varies considerably. Retentive rock, 
parting slowly with its contents, will yield in temperate 
regions a permanent spring, betraying fluctuations only at in- 
tervals ; thus it has been calculated by Mr. Beardmoro that 
water requires from four to six months to pass from the sur- 
face to the saturation level in the chalk, and that the effect 
of the winter rainfall is therefore not apparent in deep springs 
before summer. Hence the sui>ply is practically peiiiiancnt 
under existing conditions, since the extix?me eftcct of a dry 
summer and autumn would not be appreciable for sixteen 
months — that is to say, the stoi-age or reserve of water is 
more than sufficient to maintain the stream till the effects of 
the next rainfall are appreciable. More porous strata, 
through which the transmission of water is rapid, are more 
liable to fluctuations, and even to intermissions. On the 
other hand, in limestone, where the water is confined to the 
plains of stratification, and to the joints and fissures which 
traverse the rock, the delivery is frequently as rapid as the 
supply, and the spring therefore is dependent entirely on the 
rainfall for its maintenance. The yield of the Artesian wells 
furnishes interesting differences. Thus the well at Fulham, 
317 feet deep, yielded 50 gallons per minute; that of Toui-s 
discharged 300 cubic yards of water in twenty-four hours. 
But the force of discharge varies still more. In the Sheer- 
liess well the water rose from 328 to 189 feet rapidly; but it 
i-cquired some hours to ascend to 8 feet above the ground. 
The Chiswick well rose 4 feet above the gix)und fi-om 620 
feet; and one at Tooting did considerable damage, from the 
force of its discharge, when it was pierced. 

168. Contents of Spring Water. — The water seldom 
escapes pm^e. Apart altogether from the contaminations 
already mentioned as resulting from the ignorance, selfish- 
ness, and carelessness of men, some wells regularly, others 
occasionally, give forth the debiis of vegetables, indicating 
that surface matters have from time to titctf^ ^^ ^^:?jk^ *VRk 
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tlieir smircoB, In other casca, solid inorganic matien an 
doUvcrcd in siiRpcnsion iind in solution. The following table, 
drawn up by Dr. Frankland, illustrates the varying quantity 
of matoriala by weight in 100,000 parts of water, the first 
column representing the total quantity of carbon and nitro 
gen in the organic matter. As the effects of filtration are 
conspicuous in the case of the nitrates, these resulte must, as 
Mr. Frcstwich remarks, be accepted with caution as indica- 
tive of the original condition of the water; — 
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It appears from this table tliat the freedom ot water from 
oifpiiiic matter is in proportion to the depth of the spring ; 
but the facility with whicl> organic matters scattered through 
llio Koil are oxidated must bo kept in mind; for the conclusion 
tliat tlie source of deep wells is pure would be erroneous, 
since tlio piu-ity is only due to the prolonged filtration the 
waters have been subjected to. 

169. Minoral and Thermal Springs. — While no springs 
are absolutely pure, while the waters fdways contain a certain 
amount of inorganic matter, the term mineral springs is 
employed to designate those in which the tuineral matters are 
either in great excess, or of a kind not usually met in waters. 
Thus, the silica of the Iceland geysers is not a normal con- 
stituent, nor are the arseniates of the African springs. Car- 
bonate of lime, again, is present in most wateni, but its excess 
in the springs of Auvergne and Tuscany, as well as in those 
which ariae in limestone regions, entitlo these wat«n to 
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separate recognitioiL Again, while all springs of considei'able 
depth have a temperature greater than that of the surface— 
the increase ranging from 1" C. in 50 to 1* in 80 feet of 
descent, the highest average of those not associated with 
volcanoes being 27*7* C. — thermal springs are those whose 
temperature is in excess of that proper to their depth. 
Both mineral and thermal springs occur for the most 
part in districts where there are either active or extinct 
volcanoes, or in which earthquake phenomena are of fre- 
quent occurrence, or, lastly, in localities which have been the 
seats of very great disturbance. 

160. Springs in Tellowstone Valley, North America. — 

The Yellowstone National Park of the United States, a 
district about half the size of Wales, presents a combination 
ol phenomena as regards springs which will be more instioic- 
tive than a series of systematic statements. In this area of 
3,575 square miles, recently, geologically speaking, one of 
volcanic activity, the sedimentary strata are carboniferous, 
Jurassic, cretaceous, and tertiary, the whole resting on meta- 
morphic rocks. Volcanic rocks occupy large part of the area, 
and as these began to be deposited in tertiary times, the 
present replacement of the igneous matter by springs 
issuing from the old cratera may bo looked on rather as an 
episode in the life of a volcanic region than a sign of its 
final quiescence. The floor of the valley in which Gardiner's 
lliver (a branch of the Yellowstone) flows is covered with a 
crust deposited by springs now no longer calcareous, and the 
slopes Bve covered with a white crust 20 to 50 feet tluck. 
The water now issuing from beneath this surface layer forms 
a stream 6 feet wide and 2 feet deep, whose tempei-ature is 
55*5' C, but higher up the slope, in basins of 20 to 50 feet in 
diameter, whose waters are 65*5® to 72° C. The calcareous 
springs now active contain, in addition to the predominant 
carbonate of lime, sulphuretted hydrogen, soda, alumina, and 
magnesia. The siliceous springs are intermittent, boiling, and 
quiet springs. The waters of the boiling springs are always 
at 100° C. ; they graduate into the intermittent by those in 
which the water is projected as much as 6 feet at regular 
intervals. The intermittent are at 100° G. only during 
activity, falling to 65*" G. in the intervals. The o^<^t»^\xEss^^ 
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once probably boiling, range from 64*4° C. to 26** C. ; and it is 
interesting to note that the deposit of iron takes place at 
lower temperatures than 65® C, the siliceous sinter showing 
all gradations of colour, from deep red to the purest white. 
The mud spiings vary in temperature and activity; the mud 
contains a large quantity of alum, and is kept in movement 
by jets of steam which toss up the pasty mass to the height 
of 4 or 5 feet. There is overflow in these craters, and in one 
where a jet of steam is constantly ascending to the height of 
500 feet, the black mud is about 20 feet below the rim of 
the basin. Sulphuretted hydrogen makes the atmosphere 
near one spring oppressive. The geysera are most interesting, 
from the variety of tint and form of the sinter with which 
their orifice of outflow is surrounded. The column of one rises 
for 200 feet, and after a quarter of an hour gradually subsides 
to 2 feet below the mouth of the orifice, the temperature 
being then 65" C. The waters of this, and the others of the 
same group, contain as much as 85 per cent, of silica, 11 per 
cent of water, 4 per cent, chiefly of chloride of magnesium, 
with a trace of lime. The association of such varied springs, 
active and extinct, their generally pulsating character, 
amounting in some cases to tnie intermittence, and their 
association with earthquakes at the present time, in the midst 
of a tertiary volcanic district — all these indicate the source of 
the phenomena, but do not explain the chemical variety in 
the waters, adjacent springs having unlike compositioUi and 
aflbrding dissimilar deposits. 

In some of these thermal springs there is a large develop- 
ment of confervseand similar vegetables, diatoms in abundance, 
and that silky organic matter which it is difficult to refer to 
animals or plants with certainty. Chemically this baregin 
varies in diflerent springs, but its true nature is not known. 

161. Thermal Waters in England.-— The waters ot the Old 
Well at Bath, having a temperature of 48 '8* C, contain 144 
gi*ains of solid matter per gallon. The hot springs of Bristol 
have a temperature of 20° or 22° C. At Buxton and Matlock 
there are also warm springs. 

The occurrence of calcareous springs in limestone districts 
has already been referred to. Ferruginous springs are met 
with under similar conditions: thus the drainage of car* 
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boniferons districts sometimes pelds ockreous springs, and 
the water that has drained silurian high grounds (in which 
there is an enormous quantity of diffused iron) often yields 
a copious rusty precipitate. 

162. Iceland: Theory of Intermittent Springs.— The vol- 
canic region, of which Hecla is the active centre, contaios 
those geysers which were first studied by geologists. The 
intermittence of these hot springs was long regarded as proof 
of the existence of reservoirs in which water and gases were 
heated till the expansion of both raised the fluid in the long 
tube of the fountain to the level of overflow. The duct then 
became a syphon, and an interval was necessary before the 
reservoir was again full enough to permit the process to 
recommence. In the chapter on Volcanoes it will be shown 
that Tyndall's explanation of the geysers as slowly but 

steadily flowing springs, whose waters pass through portions 
of rock at a high temperature, meets all the difficulties of tho 
case, and, moreover, renders it intelligible that intermittent 
springs should be of such diflei^nt chemical character. 

163. Periodic Springs. — ^The alternations of a wet and dry 
season give one kind of periodicity; but in those specially 
included under the designation, the recurrence of the flow is 
at intervals which cannot be thus accounted for. In some 
cases the existence of a cavern is probable, the outflow being 
little above the flow. As soon as the water attains a certain 
level, its duct, bent and syphon-Hke, drains the cavern to the 
level of outflow, and then ceases till fresh accumulation 
repeats the process. In springs connected with volcanic 
phenomena, the expansion of gases in such a reservoir is likely 
to take place, and if it occurs is almost certain to furnish 
periodic phenomena, supposing tho supply of water and gas 
to be constant, and the orifice of discha^e not too large. 

164. France and Spain. — ^The volcanic areas in these two 
countries furnish abundant examples of springs of various 
kindsL Ansted points out that not all mineral and thermal 
waters reach the surface of tho ground; and his observation 
accords with what was stated (Art. 27) regarding the course 
of lavas from the volcanic focus to the surfiace. Im the older 
fitratay especially in the limestones of volcanic districts, we 
sometimeB find that portions of tho limosstou^ «^s:^^\Ai:i'^ 
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been silicified from below, tbe alteration presenting a parft- 
bolic outline; and the only possible explanation is, that a 
spring, probably thermal, sought to escape upwards by a 
joint or fissure, which brought it in contact with a limestone, 
and there exhausted its energy. The cases to which Ansted 
refers occur in Auvergne, near Clermont, and in Cornwall — 
the, so to speak, concealed springs in the latter locality 
having only been discovered by boring. The calcareous 
springs of Auvergne are well known, their waters being 
employed there, as elsewhere, in the rapid production of 
ornaments, by the deposit of lime in moulds over which the 
water is conducted. Carbonic acid, boracic acid, carbonates 
of soda, and even arseniates of soda and potash, are found in 
the waters of Vichy, the carbonates of soda forming by far 
the largest ingredient. Sulphur in combination, as sulphur- 
etted hydrogen or sulphate of lime, is of very frequent occur- 
rence, especially in die Pyrennean springs. In Spain the 
presence of sulphurous springs seem more usually associated 
with deposits of gypsum (sulphate of lime) than with the 
presence of volcanic materials. 

165. BischofB GlasBiflcation of Springs. — ^The substances 
found in spring water are thus enumerated by Bischof 
{Chemical Geology, L, p. 74), and, as they are usually im- 
perfectly quoted, the list is here given entire: — 

1. Saline Bases-^oda, potash, lithia, ammonia, lime, magnesia, 
fitrontia, baryta, alumina, protoxides of iron and manganese, oxides 
of zinc and copper, tin, lead, silver, antimony, arsenic, nickel, cobsdt, 
probably also as oxides. 

2. Acids — Carbonic, sulphuric, sulphurous, nitric, phosphoric, 
boracic, silicic, hydrosulphuric. 

3. Halogens and Metedoids — Chlorine, bromine, iodine, sulphur, 
hydrogen. 

4. Organic Substances ^- Extractive matter (baregin), crenio and 
apocremc acids. 

And the chemical substances are obtained in different quan- 
tities, according to the mode of origin of the spring. BLschof 's 
classification according to origin is the most natural, from 
the practical chemist's point of view. It is^ 

1. Springs which originate from rivers. 

2. Springs originating in the water which sinks through the beds 
of brooks imd rivers, 
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3. Springs which originate from elevated lakes. 

4. Springs formed by the melting of the onow and ice of glacierfl. 

5. Mountain springs. 

0. Springs from great depths. 

166. Examples of Springs Oeologieally Interesting.— 

Besides those already mentioned, the following are the best 
known examples of mineral and thermal waters: — ^The Carls- 
bad waters contain 462 grains per gallon of solid matter, and 
have potash and soda as their dominant ingredients, but they 
contain also a considerable quantity of metallic compounds. 
The waters of Aix la Chapclle emit large quantities of nitro- 
gen, probably derived from decomposition; and nitrogen in 
one combination or another is found in many of the springs 
in the central plain of Germany. The calcareous waters of 
France have been mentioned; the source of their lime is 
obscure, since few of the rocks in that region contain it in 
large quantity, and the disproportion between the deposits 
and the apparent source is even more striking in Tuscany, 
where the deposits are rapid, continuous, and extensive. 
Italy, rich in regions of volcanic activity, contains many 
springs whose composition is as various as usual in volcanic 
regions. The carbonic acid exhalations of the Campagna di 
Koma, of the famed Grotto del Cane, near Naples, are of the 
same kind as those of the Limagne d'Auvergne, and among 
the extinct volcanoes of the Rhine. The enormous quantity 
of this acid thus disengaged at the surface probably does not 
represent all that is generated. Considering its power to 
decompose many rocks, either as a gas or dissolved in 
water, it is obvious that this gas, derived from below ground, 
must have an enormous shai^e in the alteration of strata in 
addition to the work it does when carried down by rain from 
the atmosphere to the soil. The deposit of silica from hot 
springs has been mentioned, and the action of warm alkaline 
waters in maintaining silica in solution is intelligible. But 
its deposit from cold water is less clear. It appears that such 
cold springs as form sinters either discharge little water, 
which forms a sti'eam so shallow as to admit of total evapora- 
tion — as perhaps was the case when the veins of rocks were 
lined, and ultimately filled, with quartz; or, as in the cold 
siliceous tpriug of the AzoreSy the mineral i& m^lbL^i^^^vs^^^^^ 
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double silicato of iron and alumina. It mtisfc always be borlio 
in mind that our interpretation of what cold springs do is open 
to fallacy, since the warm springs of Bagn^res de Bigorre 
became cold after the earthquake of 1660, while that of 
Bagn^ros de Luchow, in the Pyrenees, formerly cold, has had a 
temperature of 50° 0. since the earthquake of Lisbon, 1755 — 
two interesting examples of the connection between thermal 
waters and subterranean disturbances, or, to put it in another 
form, of the relation which still exists between the volcanit 
centres and these areas of former disturbance which have long 
been quiescent. The geological interest of siliceous springs 
lies in this, that fossilization, as of the wood in the Azores, 
West Indies, and Australia, is effected on a comparatively 
lai*go scale by the agency of these underground waters. 

167. Petroleum Springs. — ^The oil wells of America, 
chiefly found in connection with devonian rocks, owe their 
origin to percolation, the hydrocarbon compounds being de- 
rived from the decomposition of animal and vegetable remains. 
Tlio borings by which the rock oil reaches the surface either 
provide a channel for the fluid which travels along the fissures 
of the strata, or tap reservoirs, just as the Artesian wells 
reveal the presence of water caverns. It is not always clear 
why the oil reaches the surface with impetus. The first dis- 
charge from a boring is sometimes a quantity of gas with 
more or loss brine, the oil thereafter running pure, so that in 
some cases, at least, the expansion of gases may be efficient. 
But the wliole history of iiiese springs is still obscure. The 
upper miocene strata of Trinidad yield the asphalt which 
gives to the pitch lakes of that island their name. The 
volcanic rocks of the carboniferous series in Scotland, on the 
other hand, sometimes retain the products of decomposition, 
as in the oil shale district of Bathgate, the bituminous matter 
having doubtless slowly filtered out of the shalea Equally 
retentive are the fetid limestones, that of the upper Silurians 
at Niagara yielding its bitumen when the limestone is burnt 
in kilns. 

168. Undergronnd Bivers and eaverns.— Underground 

channels of considerable magnitude are sometimes formed, 
and their formation is closely connected with the phenomena 
of springs. The inguUmcnt of streams is a frequent event. 
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both on the lai*gc'and small scales, and the phenomenon takes 
place chiefly in limestone districts, where the percolation of 
water charged with carbonic acid dissolves away the lime 
along the lines of fissures. Fractures of strata undoubtedly 
may, probably often do, take part in fixing the lino; but the 
solvent power of water is suliicicnt to do the work without 
much assistance. Bearing in mind what was said (Ai*t. 151) 
r^arding the rate of flow of water through fissures — ^that 
capillarity retarded it so long as the fissure was above the leyel 
of saturation, but that below that level the water flowed freely, 
if not rapidly — the genesis of an underground stream is not 
difiicult to follow. The rivers of the Morea, which subside 
into " swallow holes," or Katavothra, to use the Greek name, 
emerge near the sea in streams of remarkable uniformity, 
showing that during the eight months' drought which inter- 
venes between tlie seasons of rain the subterranean channel 
is largely supplied from other sources than the swallow holes; 
or that, as is more likely, the reservoir is slowly drained by 
narrow apertures, the closure of which, by sediment or by 
earthquake disturbance, might give rise to a lake in the posi- 
tion of the swallow hole. Similar examples are met with 
along the north shores of the Meditenunean in the cretaceous 
limestone, in which the Morean channels are excavated. 
But the most interesting district is that of Carniola on the 
Adriatic. There the Timavo rushes at once from the rocks 
a navigable stream, being fed by underground tributaries 
from the interior. The caves of Planina, Lueg, and Adels- 
berg are well known, the principal channel of the last being 
more than a mile and a half in length, so far as it has been 
followed. The swallow holes or " dolinas " of this district, 
the cavities into which the streams sink, form, according to 
the patency of the mountain streams, and the size of their 
channels, empty chasms, wells, or lakes^ — the Lake of Zirknitz 
(Lacu8 Lugens of the Komans) varying in area from 40 to 
80 square miles. This complicated network of channels 
above and below ground finds its counterpart in other regions. 
The Hungersee of the Harz Mountains is a dolina like that 
of Zirknitz ; but the great devonian limestone district near 
liege is historically and geologically the most impoi*tant of 
the cavern systems. Dr. Schmerling esuoninfi^istX:^ ^:»:«^\sa.^ 



193 PHYSICAL GEOQRAPHT. 

among tliem the now celebrated Engis and Engihoul C&vcb, 
and these, with the series found in the Dordogne and Perigord, 
have furnished most important evidence as to the former 
fauna of Southern and Central Europe, as to its arctic 
cliaractx)r, and the association of man with animal forms now 
extinct or restiicted to the far north of Europe and Asia. 
In England — where, as in Yorkshire, ingulfed streams are 
also found, important tributaries issuing directly from the 
rocks bordering the main river — caverns are also met with 
whoso contents are important contiibutions to the early 
liistory of man. The caves of Settle, Ingleborough, Kirkdale^ 
Denbighshire, of Wokey Hole, Kent's Hole, Brixham, may 
be mentioned as among those from which remains have been 
obtained, proving their human occupation at one and, for the 
most paii), at several periods between the time when the 
reindeer, mammoth, and rhinoceros flourished and the time 
when men sheltered in them from the Hanoveiian troops, 
or hid thci*oin the smuggled stores which were to cheat the 
king's revenue. The papers of Buckland, Pengelly, Boyd 
Dawk ins, and others, have given details of those caves 
liithorto discovered, but th^ir number will be greatly increased 
as chance reveals openings which debris has concealed. The 
Ufammoth Cave of Kentucky, whose main passage is 10 miles 
long, while the length of the lateral passages amounts to 240 
miles, contains a cmious assemblage of animals, the imperfec- 
tion of whoso organs of sight raises interesting questions for 
the zoologist A long time was, of course, needed for the 
cix)sion of such enormous subterranean caves, but there is no 
ground for Islioving that the inhabitants of the Mammoth, 
tI\o Adelsberg, or the other Camiolian caves have an earlier 
da'o than the latest tertiary times. 

169. Contents of Caves. — The floors of caves are covered 
with stalagmite, flne mud more or less calcareous, and breccia, 
consisting of rounded as well as angular fragments, among 
which, as well as through the other sediments also, bones and 
implements may be scattered. One or all of these materials 
may be present, and each layer may contain organic remains 
belonging to a diflerent period, though disturbance of the 
layers may confuse the chronology. In observing such de- 
positS| it is important to bear in mind that the sources of the 
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bones may be various; the occupants of the cave dying, 
would leave their remains to be covered over by calcareous 
droppings from the roof, or by the sediments of the stream 
which still flowed through the cave. An alteration of the 
level of the cave mouth, or a rise of the stream on whose 
banks it opened, might allow the flood-borne bodies of ani- 
mals to be swept in and left there. Fissures might allow 
the bones of animals to drop in from the surface of the 
ground, and to become mingled with the older species. Lastly, 
the Morean rivers show that bones and conglomerate may 
enter simultaneously, and the cavern will then yield evi- 
dence as to the animals which flourished on the surface of 
the country at periods which cannot be defined. 

The hematite deposits of Cumberland are laid down by 
rivers which have flowed through limestone caverns, tho 
segregation of the iron being due to the action of decaying 
T^etable matter. 

170. Landslips. — Fissures in loose soil or solid rock are 
traversed by water which may displace more or less of tho 
surface by its excess in a rainy season, by its expansion on 
conversion into ice, or by the coincidence of either of these 
with underground erosion, whereby a part of a lull slope or 
clifi may be made to topple over. The amount and form of 
the slipped mass depends on a variety of circumstances; but 
it may be said, in general terms, that those slips which are 
due to underground erosion have steeper faces than where 
only surface joints are concerned; and that the harder the 
rock, and more definite its system of jointing, the more will 
the characteristic featm*es of such a rock be preserved after 
the catastrophe. The oblique joints of masses of tough 
boulder clay furnish an admirable study in the mechanism of 
springs. 

The walls of a valley which a glacier has £|phioned describe 
an elegant and even curve. Those of a valley in which atmo- 
spheric waste has been at work in soft, superficial deposits, 
consist of two parts — the steeper, rockier part, and the moi-e 
sloping, softer portion; but, where landslips have occuri'ed, 
the ascent is by a series of lines at diflerent angles, to the 
more vertical rocky portion. The landslip leaves its mark in 
a change of slope. 

23 N 



CHAPTER V. 
SECTION I.— FORMS OF WATER IN ATMOSPHERE. 

Atmoaphoric Circulation of Water — ^Atmosphere everywliere Humiil 
•^Aqueous Vapour: Evaporation — Amount of Evaporation from 
Soils and Plants — Condensation — Saturation — Dew, Mists, 
and Fogs — Fogs of Cities — Heiglit of Foes: Fogbanners of 
Hills — Clouds — Condition of Avatcr in Clouds — ^Velocity of 
Clouds — Distinction between Dew and Fog — Rainbow — Coloor 
of Clouds — Transport of Aqueous Vapour — Conditions of Rain> 
fall— Relation of llain to I'revalent Winds — Influence of High 
(Irounds: Homomorpliism — ^\^ly Rainfall is not Incessant — 
Drvnoss of Interior of Continents^ Angle of Wind to Land — 
Polar and Etiuatorial Winds — Influence of Vegetation — Rain 
from (Ucar Sky — Amount of Rain which Flows ofif the Surfaco 
— l*oriodic, Variable, and Constant Rains — Periodicity of Rain- 
fall—Table of Rainfall. 

171. Circulation of Water in Atmosphere.— Bain is the 

form in which, over the largest portion of the world, mois- 
ture is restored to the earth, after it has been lifted into the 
atinos[)hero from land and sea. In the extreme north and 
Boutli, precipitation takes place only in the form of snow. In 
tho toni[)erato regions we find seasonal differences, so that snow 
and rain alternate, while on either side of the equator snow is 
never encountered except as a precipitation upon the summits 
of tho highest mountain ranges. If we were to connect by 
a curved lino the limits of snowfall in the northern and 
Routhcni hemisplicres, with the limit of snowfall upon .the 
mountains of the equator, we should find that the figure 
thus described would be that of an oblate spheroid, the poles 
of which would coincide generally with the poles of tho 
earth ; thus a sliell of tempemture above the fi-eozing point 
would surroimd the earth, not parallel to its surface, but 
rather exaggemting the equatorial protuberance and polar 
flattening of the globe. 



AQUEOUS vapour: evaporation. 195 

172. Atmosphere everywhere Humid.— A certain amount 
of moisture is present in the atmosphere even in the hottest 
regions, with the exception of a few very limited areas known 
as rainless, and even there an absolutely dry atmosphere 
probably does not extend to any great distance above the 
surface. In the Arctic regions themselves, part of the snow- 
fall is simply the restoration, to the surface, of moistiu'o 
derived from it. 

173. Aqueous Vapour: Evaporation. — ^Atmospheric mois- 
ture is in the form of aqueous vapour. Evaporation means 
the removal of water into the atmosphere in this invisible 
form, and as the vapour seldom remains in contact with the 
surface from which it has risen, there is constantly oppor- 
tunity for the formation of fresh vapour, the volume of the 
water coirespondingly diminishing. Evaporation is limited 
by diminution of temperature, or by the confinement of the 
space into which the vapour is thrown off. Tlie pressure of 
a very small quantity of aqueous vapour upon the surface of 
water checks evaporation, and thus furnishes a difficulty not 
yet solved, since a very coi^derable atmospheric pressure 
does not interfere with the process. In cold weather, at tho 
temperature of 0°C. (32°F.), the pressure is -1811 inches 
of mercury; at 20°C. it is -6850 inches; at 50°C. it is 
3 "622 inches. Trifling as are these pressures, they are enough 
to arrest the process, though a much greater atmospherio 
pressure has little or no effect in retarding it. The same 
effect is produced when evaporation takes place into a con- 
fined space, the intervals between the particles of air being 
occupied by particles of vapour; in other words, the resist- 
ance of the vapour being purely mechanical, the atmosphere 
becomes very speedily saturated, and the water thereafter 
ceases to diminish in volume, its particles being impeded in 
their ascent. By the process of evaporation the temperature 
of water is diminished Thus the cooling effect of a breeze 
on the body does not in reality result from the contact of 
air, but is due to the removal of moistura, to the hastening 
of evaporation from the surface of the skin. Applying this 
upon a most extended scale, we find that to evaporation, or 
rather to the great extent of sur&ce from which evaporation 
took place in former times^ was due t!bai\» ^(x^xssfiL^ vss^^^^^s^ ^ 
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cold wLich rendered the winters of this area more severe, 
and which prolonged the glacial cold into, geologically speak- 
ing, recent times. 

174. Amount of Evaporation from Soils and PlantB.^^ 

It appeara from Professor Elliot's experiments, that the rate 
of evaporation from different soils, depends, in the first 
instance, on the extent of surface their particles present; 
and, next, on the compactness of their structure, which in- 
creases or diminishes the capillary flow of water from below 
upwards. While sand lost -^ of its moisture in a given 
time, clay lost f, and peat moss §; the amount has thus a 
direct ratio to the incoherence of the materials. Moreover, 
the capillarity of earth is greater than that of moss, henoe 
the evaporation continues longer after the surface has become 
somewhat dry. The observations of Von Pettenkofer on a 
growing oak tree show that there is an increase of evapora- 
tion from May till July, a decrease thereafter till October; 
and that the amoimt of evaporation is^ 8*33 times greater 
than that of the rainfall. Hence it follows that a consider- 
able amoimt of moisture is poured into the atmosphere by 
vegetation, and that the water is drawn through the roots of 
the plants from the subsoil. Vegetation thus not merely 
retards the surface evaporation, but also restores the mois- 
tui*e which some months before had sunk into the deeper 
parts of the soil. 

175. Condensation. — ^puring evaporation, heat is inces- 
santly communicated to the vapour, or, in other words, the 
scparatioit of the pai*ticles which constitute the vapour stores 
up force. When the heat is withdrawn, when the force with 
which the particles are kept asimder is overcome, the particles 
of the water return into contact with each other, liquefaction 
taking place, or, as it is called, condensation, and the elastic 
force of the vapour manifests itself as heat. When water 
is boiled, if the steam is brought in contact with the skin, 
or with cold water, it is condensed, and the heat becomes 
apparent by scalding the skin, or by boiling the water into 
which it is introduced. 

176. Saturation of Air. — The saturation point of the 
atmosphere is that point at which it ceases to be capable of 
contninu^ more vapour of water. If the atmosphei-e remains 
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at the same temperature, there is no apparent change, even 
when the air can receive no more moisture. But if, by lowering 
the temperature, the elastic force of the vapour is diminished; 
if, that is to say, the force with which the particles repel each 
other is lessened, condensation takes place; and the point at 
which this occurs is known as the dew point. 

177. Dew. — For the formation of dew, three things are 
necessary: air saturated with moisture, a clear sky, and 
depression of temperature. Any object on the ground wliich 
is a rapid radiator parts with its heat into space, and, chilling 
the air in immediate contact with it, causes the precipitation 
of the moisture in that portion of air. As the phenomenon 
is thus due to radiation, it will be affected by anything which 
modifies that procesa In the case of grass, the blades part 
with their heat, while the moisture in the lower part of their 
stems prevents its replacement by radiation, as the feeble con- 
ducting power of the vegetable prevents its transmission in 
that way. The passage of clouds across the sky, diminishing the 
amount of radiation by reflecting the heat, stops the pi*ocess, 
as does shelter of any kind, the thermometer beneath Dr. 
Wells' experimental sheds being 1*8° C. higher than one out- 
side. The necessity for calmness of the air arises from this, that 
circulation would equalize the loss by radiation, and prevent 
any one portion from sinking sufficiently low. The tempera- 
ture of the grass is often as much as 10° to 18°C. below that 
of the air a few feet above it; and this difference is explained 
by a convective movement, whereby successive layers become 
lowered so as to maintain an interval of 2^0. between their 
temperature and that of the surrounding air. . Thus, under 
favourable circumstances, the deposit of dew would go on 
steadily, and the injurious effects of low temperature be from 
hour to hour incr^used. Hence the necessity of guarding 
tender plants for some distance above groimd from the effects 
of excessive radiation. In tropical countries, the artificial 
formation of ice in shallow pans, kept off the ground by dry 
straw, takes place imder the same conditions winch determine 
the fall of dew, and the dry straw, being a bad conductor, 
prevents the transmission of heat from the soil to replace 
that lost by radiation; for the process is arrested when the 
straw becomes wet^ and is converted ixit» «i \gyA ^vs'sai^^^Nf:!^^ 
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It belongs to meteorology to determine the precise temperdr 
tore at wliich dew is deposited; it is sufHcient here to indicate 
that the temperatui*e of the dew point varies with that of the 
atmosphere 

178. Hist: Fogs. — ^The formation of dew only takes place 
when the aqueous vapour is invisible; but fogs and mists are 
visible xmdcr other conditions. Inequality of surface and 
movement of the air are, together or apart, essential to bring 
into contact masses of air, one or both of which are charged 
with moisture. In a valley in which dew formation might go 
on if the superincumbent air remained clear, the cold air on 
the slopes gradually moving downwards turns the balance. 
It was stated that the atmosphere above the dewy surface is 
often considerably below the dew point. If other cold, moist 
air is brought in contact with it, further condensation at once 
takes place, and fogs are formed such as may be seen creeping 
from either side of a valley till the whole flat ground is 
covered. The colour of these fogs varies from the delicate 
blue, almost ti'ansparent, veil, to the dense white mass which 
saturates the clothes of the traveller. In a very wide plain, 
like that of Biggar, between the Clyde and Tweed, such a 
dense mist forms a sea-like surface about three feet deep, above 
which moimds project like islands, and on these dew may be 
formed within a few feet above the fog. 

The position of lakes and rivers is marked by fogs whenever 
a considerable difference of temperature exists between the 
air over them and that on the banks. It is immaterial whether 
the land or river atmosphere is the colder; whether it is the 
glacier stream -which traverses the warmer low grounds, or 
the river which flows from warm high grounds to cooler 
plains. Conversely, when a long strip of land projects into 
the sea, the inequality of temperature gives rise to fog, which 
may fringe the bank of land or entirely obscure it. The 
British Islands repeat this phenomenon on a large scale, with 
this addition, that the seas they separate are of unequal 
tem}>erature ; in winter and spring, when this diffei^nce 
is at its maximum, fogs prevail. 

The direct contact of two masses of warm and cold air is 
Illustrated off the Newfoimdland banks, the Labrador current 
and the Gulf Stream being accompanied by humid atmo* 
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spheres whose meeting gives rise to almost constant fogs; and 
the difference of tempei*ature is as great farther to the south, 
the waters of the Gulf Stream being proportionally warmer 
than those of the adjacent sea. In the Pacific Ocean, where 
a coral bank lies across a current of warm water, the boil up 
and flow over of the interrupted wai-m stream maintains a 
constant temperature in excess of that projier to the latitude, 
and a correspondingly constant fogbank and rainfall. High 
grounds at right angles to the prevailing winds, more espe- 
cially where these travel over a considerable ocean area, are 
for the same reason the seat of fogs, the coasts of Noi-way 
and Peru being notable examples. 

179. Fogs of Cities. — London fogs are good examples of 
intcrfei-ence with natural processes. The artificial heat of the 
city, and the smoke which, though scarcely obvious to the 
resident, marks its position at a great distance, combine with 
the humidity consequent on its proximity to the river to make 
the coldest months periods of long-continued and dense fogs. 
Professor J. Thomson has described similar phenomena at 
Belfast. In all large cities dew and hoar-frost are infrequent 
as compared with equal areas in smaller towns, or in the 
country; and the reason of the difference has been put to 
practical use by the vine-growers, who maintain smoky fires 
on clear nights to windward of their vineyards, the ai-tificial 
clouds checking radiation. 

180. Height of Fogs : Foghanners of Hills.--It is difii- 

cult to fix the upper limits of fogs. In general, when of local 
origin, they form a layer which conforms to the undulations 
of Qie surface. The fogs which come with the cast winds of 
spring on the shores of Britain are probably of considerable 
depth. The flat summit of the Campsie hills is the last 
resting place of these fogs towai-ds the v/est, and when the low 
grounds are clear, the fog mass gradually declines from a 
vertical thickness of about 800 feet to a- thin layer, which 
ultimately disappears. As the height of the range averages 
1100 feet above the sea, this would give about 2000 feet, or 
less than half a mile, as the upper surface of the fog. There 
is, one 'may almost say with certainty, an interval between 
fog and cloud. The connecting ]inlr between the two i& 
the fogbanner, which sometimea \x&Si^ ^n^ "^^is^ x^S^^ 
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dividing two valleys of unequal slope, as may be seen every 
autumn in the highlands of south and north Scotland; some- 
times streaming out from a prominent })eak, changing its 
corm but not shifting its place. These furnish only another 
phase of what has been already described as the consequence of 
the contact of two masses of moist air at imequal tempera- 
tures. The chill mountain top condenses the atmospheric 
moisture to leeward of its peak, and as the chilling is 
increased by the wind the streamer maintains its place, its 
extremity, however, being dissipated by the wind. The mass 
is, in fact, constantly regenerated at the peak as it is wasted 
to leeward. But if the air falls in temperature, the condensa- 
tion extends till at last a sheet of fog cloud covers the adjacent 
summits, and creeps downwards over the slopes. But before 
this general covering is developed, fog masses may become 
detached and float away on the wind; these "packmen," as 
they are called in south Scotland, being solitary travellers 
which surely foretell rainfall. In all hilly countries the 
evening fog masses take the direction, and often foUow 
closely the form, of the ridges below, and they may be seen 
by watching, to grow from above downwards till they rest 
on and finally cap the hills, the clear interval between them 
and the hills being occupied by moist air, which the slowly- 
moving breezes (for this is only seen on quiet evenings) 
gradually condense. These clouds are, therefore, due to 
terrestrial radiation. 

181. Clouds. — ^Tho distinction is not always attended to 
between these hill fogs due to terrestrial radiation, and those 
clouds, properly so called, which result from a cooling process 
that commences in the upper regions of the air itself. Clouds 
have been made the subject of very various classifications, 
but the simplest is that which divides them into three prim- 
ary groups : — 

1. Stratus, the hori2ontal layers dae to the cooling, by radiation, 

of a mass of air in situ. 

2. Cumulus, the massive foam-like clouds which form the sum- 

mits of ascending columns of moist air, condensation com> 
mencing with a loss of electric tension. 

3. Cirrus, which owes its existence and its light curd-liko form 

to the contact and cooling of two masses of air. 

Between these leading forms an endless variety of inter- 
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mediate steps may be recognised. The stratus, whicli in 
Britain is well called the cloud of night, is the dominant 
form in the central plains of Germany. It is the lowest of 
the cloud masses, and represents the cooling by i*adiation of 
moist air which very slowly ascends. As the sun's rays 
decrease in power with their obliquity, the aqueous vapour 
is less and less dissipated; its tension diminishes as the 
temperature falls, and radiation gradually condenses the 
upper layer from the east towards the west. The cumulus 
again is the cooling of a mass of moist air which is, so to 
speak, poure4 into the colder upper atmosphere, its form 
being, as Saussure first suggested, exactly comparable to that 
of a coloured fluid poured into clear water, and the analogy 
is often very close when the cumulus masses seem to roll 
over each other upwards. The cirrus belongs to the highest 
of the cloud-bearing regions, and its form and movements 
are a sure index of the direction of the wind within the next 
few hours at the surface. For the details of the form and 
significance of clouds, the student must consult special treatises 
on meteorology, Buchan giving in his Handbook an excel- 
lent summary of the leading points. 

182. Condition of Water in Clouds. — It has been sup- 
posed that the cumulus is a frozen mass; but the difQculty, 
already sufiiciently great, of underatanding how clouds are 
supported in the air, is thereby needlessly increased. The 
movements of masses of cloud, even of the seemingly fixed 
cumulus of summer, shows that if they approach solidity it 
can only be by their assuming the state of snow. The edges 
of the masses are irregular; they are constantly changing, 
and when precipitation takes place the sudden change of 
form in the mass immediately above indicates a very great 
amount of mobility. If they were in the state of ice, we 
should expect that evaporation under the sun's heat would 
coat them with a fog layer, which is never the case. 

183. Velocity of ClondB. — It is probable that the clouds 
move much more rapidly than do the lower strata of the 
atmosphere, even when both are travelling in the same 
direction. Buchan has observed a velocity at the rate of 72 
miles an hour, and quotes Mr. Stephens as having, from 
twenty observationsi calculated 109 nulea aa tAi^xd^i^ '^''^s^ 
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highest cirri, the isolated masses of which are most easily 
mode subjects of observation by following their often sharply- 
defined shadows on the ground, are at 10 miles elevation, 
even if they are at 5 miles height, their appai*ent motion may 
be very much less than their real motion; but the high velo- 
cities above quoted have an important bearing on the move- 
ments of the upper air currents, as demonstrating in them a 
to and fro movement, depending probably on the radiation of 
vapour masses; just as slight suHace movements are seen on 
the surface of the Gulf Stream. 

184. Distinction between Dew and Tog, — ^The clearness 
of the atmosphere above the surface on which dew is con- 
densed is the consequence of the imequal rate at which the 
tension of the vapour and of the air diminishes. Before tho 
dew point in the air itself can be reached, the gas must have 
fallen to the same temperature as the vapour. The formation 
of fog commences when this happens, as a consequence of tho 
mixing of two masses of air. Clouds begin to appear when the 
cooling which accompanies expansion reduces the air to the 
same temperature as the vapour. Neither dew nor fog forms 
on the thermometer suspended above the ground, the air 
cooled by its radiation sinking down to the ground as fresh 
portions take its place, just as the cool air flows down the hill 
side into the valley. •• . 

In the preceding articles an attempt has been made to 
separate the two kinds of condensation, the one giving rise to 
dew and fogs in consequence of the cooling by radiation of 
tho earth's surface, and of the air in contact with it; tho 
other giving rise to clouds, properly so called, which result 
from radiation of vapour suspended in the air, whose tem- 
perature is lowered along with its rarefaction. - . 

185. Rainbow: Colour of Clouds. — ^The spectrum pro- 
duced by refraction in the drops of condensed vapour is 
usually double, the inner and the outer having the reds 
adjacent, the violets being at the extremes. The form of 
the bow is that of a semicircle when the sun is on the horizon, 
but the arc becomes less the higher the sim rises, and at 45"^ 
the bow is not formed. The occurrence of rainbows against a 
clear sky, though not frequent, proves the possibility of a con- 
fiiderablo amount of condensation taking place in the form of 
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ft thin layer not thick enough to obscure objects behind it. 
The refractive power of the atmosphere gives rise to in- 
creasing chromatic changes towards sunset. As the sun de- 
clines westward the amount of the atmospheric layer which 
his rays traverse increases : at noon the vertical thickness is 
pierced, towards sunset the oblique, almost horizontal, rays 
undergo greater difiusion and refraction. The absorptive 
power of the atmospheric vapour depends on its quantity 
and form, according as it is in the finest state of division, 
or its particles are aggregated into spheres. The succession 
of tints at dawn and sunset is due to the changing absorptive 
l)ower relative to each tint; but this, as well as the details 
of the refraction and reflection within drops of water, belongs 
to the department of Physics. Equally beyond the scope of 
this volume is the discussion of Mock Suns or Parhelia, 
Mock Moons or Paraselense, Hales, Coronas, or Broughs as 
they are called in Scotland, and Lunar rainbows. These are 
all due to refraction and reflection on and in masses of 
vapour; but whether that vapour is in the gaseous, or the 
vesicular state, or is crystallized, is not certain. In leaving 
this subject it may be added that the electric and magnetic 
states of the atmosphere are still comparatively unknown, 
and that thus influences may be at work whose action and 
power we cannot at present estimate. 

186. Transport of Aqueous Vapour.— The moisture lifted 
from land and sea does not remain where it has been gathered, 
but is carried away by the currents of air, which will be 
described in the next section, and distributed over largo 
areas. In those regions characterised by the prevalence of 
steady winds, we have this conveyance of moisture regular 
in certain directions, and thus we have a constant circula- 
tion or transfer of water from one region to another, the 
result of which is the maintenance of equilibriimi, tlie circle 
being completed by the return of water to sea and land, to 
make up for the loss by evaporation. Condensation of 
atmospheric moisture has already been spoken ofl^, but as yet 
the quantities thus restored to the ground have been small, 
though since they are incessantly being lifted up and laid 
down, they are important geological agentSi as well aa essen- 
tial to the wellbeing of pilots and animals* 



204 



^HTSICAL 0£OaRAt>Hir. 



187. Conditions of Rainfall. — ^The conditions under wluch 
rain is precipitated, are stated by M. E. Renou, as quoted by 
Buchan.* 1. Two layers of cloud at least: an upper layer, 
the cirrus, which, being at a great height, is composed of 
minute ice particles at a very low temperature, probably not 
higher than -40°C.; and a lower layer, the cumulus or 
cumulo-stratus, which has its density increased and its tem- 
perature diminished by the descent of the ice crystals of the 
cirrus. 2. The temperature of the air at the earth's surface 
as high as possible. 3. The atmospheric pressure notably 
lower than in surrounding regions. 4. Regular horizontal 
currents of air allowing the atmosphere to remain a sufficiently 
long time in a state of unstable equilibrium. 5. A rapid 
movement of the air tending to re-establish the equilibrium 
of pressure and temperature, by mixing together the different 
layers of the atmosphere. 

188. Rain&U Oreatest near Oround. — ^A curious imper- 
fection of rain gauges is illustrated in the following tables, 
constructed by Colonel Ward from observations extending 
over four years, 1864-7, and Mr. Chrimes, during 1866-7- 
The amount of rainfall is relative. 

nei);rht aboT« Relative Rainfall. 

Qrouud. Ward. Chrimea 

107 

2 inches 1*05 



6 

12 

24 

36 

60 

120 

ISO 

240 

300 



101. 
100. 

•99. 

•98. 

•96. 

•95. 



•94. 



100 



•94 
•91 
•00 
•89 
•S8 



The exi)lanation of the anomaly, which must be borne in 
mind if exact comparison is attempted of observations at 
many different localities, is, that the rain drops enlarge by 
attracting vapour particles as they approach the gix)und- 
that, especially in heavy rains, the water rebounds from the 
ground and forms a fine spmy over it; that the gauge causes 

• Handbook, p. 186. 
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eddies in the air, and thus becomes the centre of convergence 
for a large amount of water particles. 

189. Relation of Rain to Prevalent Winds. — Obviously 

the rainfall and the prevalent winds of a country go together, 
the direction whence the i-ain comes being that of the winds. 
In the Biitish Islands the most abundant rains are found 
upon the west coast, the westerly and south-westerly winds 
crossing the Atlantic, and in their way becoming charged 
with moisture. As the temperature over a great expanse of 
water is more uniform than that on land, the transfer of a 
volume of humid atmosphere from the wanner ocean to the 
colder land area results in precipitation. Other illustrations 
will be found in the rainfall of Southern India, which comes 
with the S.W. monsoon; in that of the Peruvian coast, and 
others. But in these cases the features of the land have 
something to do with the amount of rainfalL 

190. Influence of High Orounds: Homomorphism. — 

Homomorphism, already referred to in a previous chapter, is 
well illustrated by the distribution of the rainfall. On the 
coast of Norway the mean yearly rainfall is 82*12 inches; 
at Portree, in Skye, 12 J inches fell in thii*teen hours in 
December, 1863. At Coimbra, 118 inches of annual rainfall 
is recorded, and the quantity diminishes as we pass onwards, 
the greatest amount being upon the western side of such 
mountain ranges as project prominently from the plains. In 
America, on the western side, 89*9 inches are recorded at 
Sitka; 65 on the west side of Vancouver's Island; 45 at 
Fort Vancouver on the Columbia river; and only 5 over a 
large part of the great inland basin. In South America the 
same excess is found upon the western coast; the same 
increase as we advance from the equator southwards, and 
the same diminution of rainfall u|X)n the eastern portion of 
the land. In Asia the greatest amoimt of rainfall is at the 
foot of the outstanding high grounds : thus the Malabar coast 
intercepts a considerable quantity of rain; the Himalayas 
aiTest an enoimous quantity, which is returned to the plains 
of Bengal. But the total quantity is greatest, and the sift- 
ing pix>cess exerted by hills on moist air is clearest, in the 
Khasia district At Darjeeling, the rain&ll between June 
and September amount^ tp 120 ixvcbfi^ Vn wi<8i ^^ssx^^^Ns^^ '^^ 
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much as 264 inclies fell in August, 1841, and tlio total 
annual fall has been known to exceed 600 inches. When it 
is remembered that by the rainfall of a district is meant a 
layer of water which would cover the district uniformly, 
supposing it neither to run away nor to become absorbed, 
nor to evaporate, the meaning of these measurements will bo 
intelligible by stating this last-mentioned quantity as a layer 
50 feet in thickness covering a district. And as 1 inch of 
rain corresponds to 100 tons of water per acre, the quantity 
of change of the surface which may be credited to rainfall 
alone is very large. From all these cases it would appear 
that mountains have a powerful effect in causing precipita- 
tion; on the one hand, by arresting the air in its movement, 
and thus subjecting it to a certain amount of cooling and 
compression, the result of which is downfall; on the other 
hand, the air thus arrested rushes upwards, being forced 
from behind, and passes into a cooler, more rarefied stratum, 
whore precipitation at once takes place. But that this latter 
ascent of the air is more important than mere cooling by 
contact, is shown by cases in all hill districts, where, if the 
hill is low, the rainfall is on the lee side of it. 

191. Number of Rainy Days.— In temperate regions it is 
difficult to say what constitutes a rainy day: '01 inch in 
twenty-four hours is that suggested by Symons, and made 
the basis of Buchan's table.* 

Latitude, 60' — 50** 161 days per annum. 

„ 60'— 46» 134 „ 

„ 46'-43' 103 „ 

43'--12' 78 

This table is quoted for the sake of the general relations it 
suggests; but the total quantity of rainfall may be small or 
great in proportion to the estimated number of rainy days. 

192. Why Rainfall is not Incessant. — ^The simple fact of 

the air containing a large amount of moisture does not 
necessarily involve its downfall, else the trade winds, whicli 
are always heavily charged with moisture, would coincide 
witli regions of well-nigh constant rain. The movement of 
the atmosphere being constant and uninterrupted enables 
the air to carry its burden, the capacity for moisture being 

* ffandbooh, p. 191, 
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increased tlio faHhcr it travels. But where, as in what 
might be called the atmospheric backwater of the Doldrums, 
the movement of the winds is arrested, precipitation is seen 
on an enormous scale. 

193. Dryness of Interior of Continents. — This stoppage 

of the wind and constant draining of the atmosphere by con- 
tact with elevated ground explains the cbyness of the interior 
of continents. Immediat<ily to the north of the Himalayan 
chain we have the dry table-lands of Central Asia : the 
Rocky Mountains border a region in which only 5 inches 
fall yearly, although a little way off the annual average is as 
much as 89 inches. Upon the west coast of the British 
Islands the mean is about 40 inches, rising at some places 
to 70 inches; upon the east coast 25 inches forms the average. 
The mean for Bussia in Europe is 15, and the effect of the 
Scandinavian chain of mountains is seen in the 20 inches 
recorded for Sweden as contrasted with the 82 inches of the 
Norwegian coast. The same holds time for South America, 
Western Patagonia being tolerably wet, while Eastern Pata- 
gonia suffers at times from excessive and protracted droughts. 
The central areas of Australia and Africa owe their diyness 
to the same cause. 

194. Influence of Angle of Wind.— While it is true in 

general terms that the points of greatest rainfall are upon 
the windward side of high lands, on which prevailing winds 
blow, a slight modification is traceable to the angle which 
the wind fbrms with the trend of the high ground. Tlie 
greatest rainfall will be where the wind blows at right 
angles to the coast ; but the quantity will decrease in pro- 
portion to the obliquity, so tliat the aiTCst of tlie prevailing 
wind by the high ground may be very slight, and the rainfall 
will then be due rather to the friction retarding the margins 
of the moving current. 

195. Polar and Equatorial Winds. — It is also a sound 
general proposition that winds blowing fi*om the poles are, 
as a rule, drier than those blowing from the equator; and as 
the westerly winds prevail increasingly from the r^on of 
the trades towards cither pole, the ramMl upon the westera 
sliores is naturally greater thaii on the eastern. 

1^6. Influence of Ye^^tion. — ^Ye^tation has a consider- 



208 PHYSICAL GEOGRAPHY. 

able power in affecting the rainfall ; and it is now a well 
established fact that luxuriant forests have a larger amount 
of precipitation, other things being equal, than other parts 
of the same region. The cutting down of the timber on the 
island of Mauritius was a very important one among the 
influences which suddenly increased the unhealthiness of the 
island. Sii- John Herschel's observation at the Cape of 
Good Hope illustrates the influence of trees. The fog clouds 
of Table Mountain frequently hang for some time without 
any rainfall. But Sir John remarks that in a forest there 
wjis heavy rain, though outside the air was simply moist. 
The explanation is very similar to that of dewfall on grass, 
the extended radiating surface of the leaves lowering tho 
temperature and causing precipitation. 

197. Rain from a Clear Sky. — Rainbows have been 
mentioned as occurring under liis anomalous condition. 
The fine rain, or serein as it is called, is probably due to 
local refrigeration of the air, caused by the interference of 
one current with another, the arrest of motion giving a short 
time of condensation before the aii*, takes a new or resumes 
its old course. 

198. Amount of Rain which flows off the Surface. — It 

has been calculated that one-third or one-fourth of the rain 
which falls on the surface flows off it, the remainder being 
absorbed by the soil, or given back by evaporation to tho 
atmosphere. 

199. Periodic, Variable, Constant Rains. — ^The equa- 
torial zone of constant rain is that in which the atmospheric 
currents are most variable, and where at the same time tho 
results of evaporation are most abundant. The fi'equent 
changes of direction cause correspondingly frequent conden- 
sation by arrest of movement. 

The periodic rains of the trades and the monsoons corr©- 
82>ond to the passage of the sun to north and south of tho 
equator, and though great quantities fall within short periods, 
while the dry season is one of little or no rainfall, these must 
not be regarded as dry seasons, since the dews are very heavy. 

The variable rains characterise the regions to the north 
and south of the trades and monsoonS; including, therefore, 
aJJ tho tempeTv^i/Q and polar regions, 
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200. Periodicity of Rainfall. — J. Korman Lockyer has 
tabulated the evidence in favour of an eleven years periodi- 
city of rainfall, coincident with the periodicity sun spots and 
cyclones. Mr. G. J. Symons gives the following table* : — 

Mazimam Snn Spot years, 1837 1848 1860 1871? 

Heavy lUinf all, 1836 1848 I860 1872 

Amount of RainfaU, 33*49 35*98 33*34 ?34 

Per cent, above average, 19 28 18 20 



Minimnm San Spot years, 


1833 


1844 


1856 


1867 


Small Rainfall, 


1834 


1844 


1858 


1868 


Amount of Rainfall, 


24-52 


23-72 


22-79 


?28*8 


Per cent, below average, 


13 


16 


19 


+2 



TABLE OP RAINFALL, 
England and Wales. ::;;', 



West Coast. 

Cumberland — 
Cockermouth, 22 
Seathwaite, 113 

Lancashire — 
Manchester, 30 
Bolton, ' 40 
Coniston, 64 
Liverpool, 24*25 

Anglesea, 34*5 

Caernarvon, 54 

Montgomery 
& Merioneth, 54 

Cardigan, 37*5 

Pembroke, 31-40 

Caermarthen, 

Glamorgan, 42 

Somerset — 
Taunton, 19*06 

W. Harptree, 3676 



South Coast. 



Cornwall, 

Devon — 
Sidmouth, 
Dartmoor, 
Plymouth, 

Dorset — 
Abbotsbury, 
Blandford, 

Hampshire — 
Aldershoty 
Woolmer 
Forest, 

Sussex — 
Hastings, 
Chichester, 

Kent and 

Surrey — 
Margate, 
Cranbrook, 



22-47 

16-64 
62*33 
45-100 

18*46 
29 

1651 

26-90 

18*18 
32-79 



16-38 
28-90 



East Coast. 

Norfolk, 21 

York (High 

Grounds), 40-50 
Doncaster, 21 
Durham — 
Bishop Wear- 
mouth, 17 
Northumber- 
land — 
Newcastle, 24 
Shields, . 23 

Inland. 
Staffordshire, 23 
Leicester, 19-26 

Bedford, 16 

Middlesex — 

Hampstead, 16 22 

Winchmore 

Hill, 23*11 

Wiltshire — 

Chippenham, 18*14 

Salisbury, 25 25 



Average of 14 stations on W. Coast, 43*33. 
„ 12^ „ S. Coast, 30-26. 

M 6 „ E. Coast, 25-16. 

20-14. 



f> 



23 



7 19 Inland, 
*• Nature, Dec 26^ 1872. 
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Scotland. 



Wbst Coast. 

Isles, 19-^9 

MuU, 74-6 



East Coast. 



Fife, .... 
Midlothian, 
Haddington, . 



18-25 
16-27 
17-23 



Average of 2 stations on W. Coast, 56*75. 
3 „ E. Coast, 17-25. 



i> 



Ireland. 

Waterford, 30*5 

Sligo, 38-5 

Dublin, 21-75 



W. Germany, . . . • 20 
Sweden, 20 

Mr. Symons rightly doubtB the importance of the coin- 
cidence with cyclonic periodicity, since greater energy of 
cyclones can hardly be expected to influence the rainfall 
over the whole globe. 

But from a very extended comparison of observations, the 
conclusion seems justified that the maximum and minimum 
sun spot years have respectively a larger and smaller num- 
ber of atmospheric disturbances, ranging from 9 to 12 on the 
table. Art 310, and that the rainfall likewise varies. But 
such annual variation cannot take place without correspond- 
ing variations of temperature, and as this would depend on 
unequal solar radiation, the coincidence empirically ascer- 
tained may yet prove to include electric and magnetic dis- 
turbances, and to refer all to a common cause. 

The following lines, on the adjoining table, taken from Mr. 
Symon's Abati^act of RainfaUj 1832-68, aiTanged according 
to sun si)ot years, will illustmte tliis special relation, and 
give a fair comparison of the itunfoU over the globe. 
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SECTION IL— SNOW AND ICE. 

Snow: Form of its Crystals — Hoar-frost — Snow Flakes — Sloet— Tex- 
ture and Colour of Snow— Snow as compared with Rain — Limit 
of Snowfall — Snow Line, or limit of Perpetual Snow — Height of 
Snow Line in different Latitudes — Geological Importance of Ice 
— Temperature and Density of Freezing Water — Density of Salt 
Water at Freezing Point — Lowering of Freezing Point oy Pres- 
sure — Influence of Forces applied to Ice — Putsticity of Ice: 
Glacier Motion — Expansion of Frozen Water: its Geological 
Effects — Ice Formed oy Compression of Snow — Genesis of a 
Glacier — Unequal Movement of Parts of a Glacier — Structure of 
Glacier Ice — Comparison of Glacier and Lake Ice — Daily Motion 
of Glaciers — Curves of Glacier VaUey : their Influence on Erosion 
of Valley — Mean Daily Motion: Seasonal Variations — Varia- 
tion of Movement at Surface — ^Variation of Movement below 
Surface — Retardation due to Compression — Difference of Biver 
and Glacier — ^Bifurcation of Glacier — Crevasses: Bergschrund 
— Dirt Buids — Diminution of Glacier by Superficial and Ter- 
minal Waste — Dimensions of Glaciers — Diminution of Feeding 
Ground : Surface Waste — Avalanches — Position of Morainio 
Detritus on Glacier — Part of the Detritus sinks into the 
Glacier — Moraines of Deposit — Subglacial Stream: Notch in 
Terminal Moraine — Glaciers at Sea I^vel— Striation of Glacier 
Bed— Characteristic Features of Glaciated District — Extent of 
Ice over Different Regions — ^Development of Ice Sheet of N. 
Hemisphere during G&cial Period — Definition of Glacier and 
Ice Sheet — Ice Sheet formed by Fusion of Local Glaciers— Lower 
Boulder Clay : the Moraine Prof onde of the Ice Sheet — ^Upper 
Boulder Clay — Relation of these Two Deposits — Erratics — Pack 
Ice : Ice Foot — Coast Ice — Ground Ice — Iceberg — ^Ice Floe — 
Travelling of Icebergs — Geoflpraphical Effects of Icebei^ : 
Striation — Hail— Structure of Hulstones — Relation of Hail to 
Storms. 

20L Snow. — ^The particles of aqueous vapour in the atmo- 
sphere are frozen when the temperature falls below 0°C. ^The 
crystalline figures then formed are hexameral. The simplest 
forms are six-sided rods; more complex combinations are 
ofiTered by stars, the rays of which consist of simple rods, 
whose extremities are bevelled into six-sided pyramids. The 
angles of these rays are 60**, and if secondary rods project 
from them, these also have an angular divergence of 60^ 
But this regularity is lost sight of in the secondary omamen* 
tation when that ceases to be rod-like. Petaloid figures may 
be reduced to the simple six-rayed type, but it is scarcely 
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possible to trace the rectilinear foundation of many of the 
secondary patterns. Mr. Glashier's figures of snow crystals 
might easily be mistaken for drawings of the siliceous 
skeletons of radiolarians, or microscopic protozoa, whose 
homogeneous body substance is associated with frameworks 
of the most exquisite beauty, and marvellous regularity. 
The cr3r8tals sometimes form regular hexagonal plates, which 
may be deduced from the six-rayed stars by increasing the 
secondary raylets. 

202. Hoar-frost — Crystals are formed after dewfall if 
the temperature continues to sink; but they are less regular, 
and they adhere so as to form, not a continuous layer, but a 
fur of minute pyramids. 

203. Snow Flakes: Sleet — Snow flakes are formed by 
aggregation of the crystals into masses varying from an inch 
to a quarter of an inch in diameter. Their adhesion is less 
perfect the lower the temperature; and boys are well aware 
of the fact that snow which will not work into balls is always 
small flaked. Sleet appears to be snow flakes partially melted 
in their descent, and ^accompanied by moisture condensed on 
the surface of the irregular masses. 

204. Texture and Colour of Snow. — ^The variety of surface 
which the bevelled spicules of a snow crystal offer to the light, 
yields an infinite play of prismatic colours, which combine 
into white; while iJie reflection from the ciystals in the walls 
of cavities, formed by air entangled among the crystals and 
flakes, contributes to this eflect in the same way that salt or 
sulphate of magnesia is whiter in mass than when in a thin 
layer. The red and green tint of snow witnessed in the Alps 
is due to the presence oi Protococcus nivaUsj a microscopic alga. 

205. Snow as compared with Bain. — Snow is to water as 

1 to 10 by weight on an average; but the small size of the 
flakes sometimes diminishes the ratio to 1 : 8. In general it 
may be held that 1 inch of snow is equal to *1 inch of water. 
But the eflects of snow are not to be thus estimated. Whereas 
evaporation reduces rapidly the temperature of the soil on 
which '1 inch of water has fallen as rain, an inch of snow 
checks terrestrial radiation because of its low conductivity, 
and of the air entangled in its mass; and this same fact like- 
wise preventB the eyaporation from the fsfuc&io^ ^i ^^ ^s&l^s^ 
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affecting the temperature of the soil. Hence a difference of 
20° C, or much more, may exist between the soil under snow 
and the air above it. 

206. Limits of Snowfall.— To the south of 30^ N. lat. 
snow nerer falls in Europe; but the line which marks its 
most southerly extension is not a straight one. It is, in fact, 
the isotherm of 11*1^0., and this, like all other lines of equal 
temperature, passes into lower latitudes over continents ; into 
higher latitudes over oceans. In the Atlantic it recedes to 45% 
and over N. America descends to 33° N. lat.; in the southern 
hemisphere the limit shows similar but less extensive curves, 
the flexures northwards corresponding to the southern apices 
of Australia, Africa, and America. 

207. Snow Line, or Limit of Perpetual Snow. — ^The 

snow over the greater part of the area thus mai-ked oft melts 
after it falls; but as we advance towards the poles the length 
of time during which it lies, that is, remains unmelted, 
increases, till, in 78° N. lat., 54*5° S. lat., the heat of summer 
is unable to remove the winter's accumulation, and the snow 
is there said to be perpetual. While this is the horizontal 
limit of perpetual snow, the vertical is at an increasing height 
above sea level, till, at the equator, it is on the Andes of 
Quito 15,800 feet above the sea. But the lines connecting the 
equatorial with the polar limits are not regular any more 
than are the isotherms; in other words, the shell of air at a 
higher temperature than 1 *6° C. is not of uniform thickness. 
In the first place, it is nearly at the same height from the 
equator to 20^ on either side of it; thence it declines slowly 
towards the poles. But the area is unequal in the two hemi* 
spheres, since it reaches 23° farther towards the pole in the 
north than in the south. Fuiliher, its height varies tmder 
local conditions: thus, it is 4000 feet lower on the south face 
of the Himalayas than on the north. On the east side of the 
Andes it is more than 2000 feet lower than on the west. 
The quantity of moisture determines the amount of precipi- 
tation, and it is greater over the plains of Bengal than over 
the diy, heated ^ndbetan plateau; greatest over the track of 
the S.E. trades blowing from the AUantic; while the steeper, 
barer slopes towards the north of Asia and. to wards the 
f acifio retain less moisture and absorb more radiant heat 
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HEIGHT OF SNOW LINE IN DIFFERENT LATITUDES. 





Lat. 


1 • 

neight in Feet. 


Spitzbei^ezii 


N. 80" 

• 


JE. 
j W. 2500 


Norway, 


7r 


2500 


•••••• • • • • • ■ 


70' 


J21)00 
J3350 


Sulitelma, • • • . 




3835 




60** 


JC* 4450 


••• ••• •••••• 


I.t 5500 


Kamtschatka, 


66 -SO' 


5249 


Oonalaska, Aleutian Isles, 


53-30'' 


3510 


Aldan, 


or 


4476 


Altai, 


50' 


7040 


Alps, • • . • . 


46* 


JN. 8500 
|S. 8885 


Caucasus, 


43' 


11,063 


Ararat, •••••. 


39-40* 


14.170 


Pyrenees, •••••• 


42-75' 


8,950 


Itocky Mountains, • • • • 


40°-43*' 


12,500 


Etna, . . . 


37 ^S' 


9,500 


Sierr^ Nevada (Spain), 


37* 


11,200 


Himalayas, 


28»-29* 


J N. 19,560 
( S. 15,500 


Abyssinian Mountains, • • 


13* 


14,000 


Andes of Quito, • • • • 


0"* 


15,800 


Bolivia^ • • • • 


S. 16' 


17,700 


••• ••• ■ • • • 


18* 


20,000 


••• ••• • • • • 


270 


13,800 


Chill, • • • . 


zr 


JR 12,700 
W. 14,700 


••• ••• • • • • • 


42-30' 


6,010 




43" 


6,000 


Mount Cook, New Zealand, • • 


44-26* 


( S.E. 7,800 
W. 6,900 


Straits of Magellan, . • • • 


53 30*' 


3,707 


South Georgia, 


54-30* 






* Coast. t Interior. 

208. Geological Importance of Ice.— The geographical dis- 
tribution of ice, as it is popularly understood, in the shape, 
that is to say, of solid masses of considerable size, is perhaps, 
from the geological point of view, the least important of all 
the facts oonoeming this form of water. Large as are tha 
glaciers of tropical and 8ub-tropu»l \axi!^ ^^'^ ^*5«*:5^a. "kk^ 



216 PHTSICAL OEOGEAPHY. 

ti'ifling in comparison with the modifications of the features 
of a country effected at every point of the temperate regions 
by the conversion of watery vapour into ice. 

209. Temperature and Density of Freezing Water. — 

Fresh water attains its maximum density at 4^C.j if the 
temperature sinks below that point fresh water expands 
gradually as the temperature falls, till the freezing point is 
attained, at which there is an abrupt increase of volume 
caused by abstraction of heat during solidification, but with- 
out any lowering of temperature. 

The lowering of the temperature is effected by convection. 
When the surface layer has reached its extreme density at 
4:°C., it sinks to the bottom, and there is a vertical circula- 
tion wliich only comes to an end when, all being of the 
same density, this vertical motion is no longer possible. If 
the water now remains still, it may continue liquid even 
though the temperature sinks considerably below 0®C. But 
if such lowering takes place, a very slight disturbance will 
convert the whole mass into ice. But ^is process is not an 
indefinite one in water of any depth, and having a consider- 
able extent of surface. Evaporation accelerates the cool- 
ing of the surface, and with the continued sinking of the 
temperature to 0°C., the point of maximum densiiy is passed; 
thereafter expansion occurs and the chilled water floats. If 
ice is formed, that also floats, being of less density than the 
chilled water. The change of behaviour, at a point short of 
freezing, prevents the fresh waters of the globe being frozen 
throiighout their mass. After a cake of ice is formed its 
increase is slow, the cake, among other effects, checking cool- 
ing by radiation. 

210. Density of Salt Water.— But the ocean is differ- 
ently affected by cold. As has been already said (Art. 
74), salt water continues to contract to its freezing point, 
- 3-67^0. (25-4° F.) if kept still, -2-6^0. (27-2«F.) if 
disturbed. 

211. Lowering of Freezing Point — Professor James 
Thomson infen-ed, from the mechanical theory of heat, that 
the temjierature at which water freezes is not a fixed point, 
but tliat it must vaty with the pressure applied to the water, 
and commwnicatcd by it to the ice in process of fi'eezing or 
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molting. In fact, lie found that the freezing point must vary 
with pressure, just as the boiling point was already well 
known to do. From experimental data of various kinds he 
deduced, by theoretical considerations, the result that the 
freezing point must be lowered by -0076^0. for one additional 
atmosphere of pressure applied, and twice as much for two, 
thrice as much for three, and so on for many additional 
atmospheres. This deduction was subsequently confirmed 
experimentally by Sir William Thomson. 

21S. Influence of Forces Applied to Ice. — ^Professor 
Thomson also deduced afterwards, by other theoretical con- 
siderations, that any force whatever which tends to alter the 
form of ice wet with ice-cold water, whether these forces 
apply to the ice pressures or tensions, that is, pushes or pulls, 
whether they are twisting or cross-bending forces, must 
impart to the ice a tendency to melt and to give out its cold, 
winch will tend to generate, from the surrounding water, a 
coiresponding q^iantity of ice free from the applied forces. 
This second result, it is to be observed, is qtdte distinct from 
the former one, which related to the lowering of the freezing 
point by pressure applied to the water and communicated by 
it to the ice; here the forces are applied to and ti-ansmitted 
through the ice alone, and are not communicated to the water 
at all. 

213. Plasticity of Ice; Motion of Glaciers. — From these 

two principles, and especially from the later of them, he has 
offered a theory to account for the plasticity of ice, as mani- 
fested by the motion of glaciers down their valleys, past all 
kinds of obstructions and sinuosities. He has pointed out 
that, whatever part of the ice may be subject to forces tend- 
ing to change its foim, that pai*t must proceed to melt away, 
and to give out its cold to the sun*oimding liquid. Each 
such melting away, and transfer of forces to newly frozen 
ice, must entail a change in the general dimensions of tlie 
mass of ice as a whole, which will constitute a flow of the 
glacier down its valley. Tlie yielding by melting entails also 
successions of fractui'es, either as small fissures or gi-eat 
crevasses, which allow a more general rapid movement than 
would occur in virtue of the melting and refreezing alone. 
The fractured masses reunito when pix»scd to^etbe,^ ^'^^oi^ei.Ssx 
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the subsequent progress of the gkcier. The principles 
brought forward by Professor James Thomson relative to 
simultaneous melting and freezing under forces which tend 
to change the form of the ice^ appear to afford an explana- 
tion of the process of " regelation," discovered by Faraday, 
when he turned attention to the fact that two pieces of melt^ 
ing ice will, even in hot summer weather, unite firmly 
together if left pressing against each other.* 

214. Expansion of Frozen Water: its Oeologioal EiIbot& 

— ^Water, when it passes into ice, changes its volume from 1 
to 1*099. In the well known experiment, water in a corked 
bottle is frozen, and the bottle bursts ; but if the cork is left out| 
a plug of ice projects from the nock. As the surface of the 
. earth in temi>erate regions — and these represent the greater 
pai*t of the area of the northern hemispheres — ^is constantly 
charged with moisture, the freezing and expansion of the 
water with which the ground is saturated has the effect of 
loosening its particles, and although no apparent change may 
be obvious during the frost, when the thaw comes the loose 
granular condition of the soil is very apparent; nay, we can 
sometimes even detect an appreciable elevation of the surface 
to the extent of an inch or two inches above its former leveL 
Such a loosening of the particles prepares them for removal, 
and thus the agency of frost is one of the most important 
in atmospheric denudation. In glacier valleys, the surface 
moraine is derived from the sides of the vpJley, but this 
debris is very seldom obtained by the undercutting of the 
cliffs, the unsupported face of which would then tumble, as 
happens in river valleys; the rocky fragments are in reality 
cast off by the rending action of the ice formed in their 
interstices, which splits them wedge -like, producing ever 
fresh suiiaces. 

215. Ice Formed by Compression of Snow. — But the 

conversion of water directly into ice is only one of tlie 
methods of its production. The enoiinous masses of this 

* J. Thomson. Tlieorciical Considerations on Oie Effect of Prestntre 
in Loirering the Freezing Point of Water. Trans. Roy. Soc, Edin., 
xvi., 1849. On the Plasticity of fee, Proc. Roy. Soc., Wii., 1856-7. 
Jiecent Theories and Experiments on Ice at its Melting Point. Ibid., x., 
1S59. Oft CrystalUsation and Liqurfaction, Ibid., zi., ISGl. 
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jmaterial 'whicli constitute a glacier, are obtained by the 
gradual compression of snow till it has passed from the 
crystalline form into that of solid, transparent ice. The 
colour of snow is due, as has been said, to the presence 
between the crystals — entangled amongst the crystals — of 
air which intensifies the white formed by the blending ol the 
prismatic rays from the crystalline faces; and from the dull 
opaque appearance of snow to that of clear ice, several 
transition stages may be observed. The imperfectly consoli- 
dated snow constitutes n4v6 or fim, the friable mass of rotten 
ice of Alpine travellei-s — found for the most part above the 
snow line. 

216. Genesis of a Olacier. — ^The passage of snow into ice 
takes place in this way : the snow which falls upon the 
mountain summit is inci^eased from time to time by fresh 
precipitation; but in the interval it undergoes diminution by 
evaporation, which takes place to a very great extent even 
in the most remote Arctic regions. The supply of snow, 
however, is in excess of the removal by this process, and thus 
we have from year to year an increasing residue, which grad- 
ually rises higher and higher above the surface of deposit 
If tho area upon which this increasing mass alights sinks 
to the low grounds by vertical clifis, accumulation may go 
on for a considerable time before any of the mass leaves i£e 
surface; but as the depth of snow increases, the pressure 
upon the lower strata likewise increases, and unless tho area 
is confined, that pressure produces lateral displacement of the 
lower {)ortion, which then falls over the clifis. In such an 
imaginary locality no great amount of ice may be produced, 
this lateral displacement relieving the vertical pressure. 
But, in general, the snow alights upon tho summits of hills 
from which gradual slopes descend, and the vertical accumu- 
lation, pressing vertically upon the lower strata, disjilaces them 
downwards along the line of slope, ^nd thus we have at once 
pressure acting in two dii*ections — vertically through the 
mass, and parallel to the sui*face of tho slope, causing tho 
extruded portions to descend to lower levels. But as the 
vertical accumulation goes on steadily increasing, the portion 
that descends the slope likewise inci-eascs; and by the double 
pressure, vertically and from behind, the w^^ ^Si ^gc^^^sJ^ 
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made to pass through a ndve stage, and to acquire that of 
pure solid ice. This descending mass is not, however, uni- 
form in composition throughout; the surface is covered with 
fi^sh fallen snow, and we have, therefore, transitions verti- 
cally from snow, through n6v^, into the chai'acteristic glacier 
ice. The simple push from the feeding ground is speedily 
exhausted, the motion of the, glacier being due to that plas- 
ticity which was explained in Arts. 212, 213. The moving 
mass descends the valleys in exactly the same way that a 
rivulet descends from the summit of a waterparting, and the 
glacier therefore has a superficial resemblance to a river, but 
the conditions of its motion are in contrast with those of the 
flowing water. 

217. Unequal Hovement of the parts of a Olacier. — But 

the surface of the moving mass exhibits features similar to 
those on the surface of a river^ and we can map the appear- 
ance in the one case by the movement of the debris which 
tumbles upon the surface of the ice; in the other case by the 
foam or drifted material carried forward by the water. In 
both we have the friction of the moving mass greater at the 
bottom than at the sides of the stream, and least in the centre 
at the surface. The motion, therefore, is most rapid at the 
last-named point, and in consequence we have a series of 
curves, the convexity of which points down the stream. 
Hence the detiitus in mid-stream arrives soonest at the end 
of the river, be it of ice or of water. 

218. Structure of Olacier Ice. — Glaciei^ exhibit a strati- 
fied appeamnce, which is due to certain subordinate processes 
that their materials pass through. In the intervals of snow- 
ball the sun acts upon the siirface, and with great intensity 
at the higher parts of the mountains. It melts the particles 
somewhat, and forms an imperfectly consolidated layer of 
greater or less thickness, according as the interval between 
the siiccessive snow showers is greater or less; the danger of 
glacier travelling is, therefore, in proportion to the frequency 
of the snow showers, for the less the interval the softer is the 
surface. The vertical pressure, already spoken of, thus 
operates not upon snow alone, but likewise upon imperfectly 
frozen la^rs, formed by the consolidation of water — that is, 
pf melted snow particles. 
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219. Comparison of Olacier and Lake Ice. — ^The origin 

and subsequent history of lako and glacier ice being imlike, 
their structure is likewise dissimilar. The lake ice represents 
the slow crystallization of the water, and shows a beautiful in- 
ternal structure when examined in strong light. The crystals 
of which it is built up are identical with those of snow, and lie 
in the planes of freezing. The glacier ice, on the other hand, 
is formed by compression of snow; and in the process the 
crystalline character is annihilated, yielding ultimately a 
transparent substanca Moreover, in addition to vertical, 
there is lateral pressure and motion : the ice mass is broken 
up internally by the motion, and comes, in fact, to present a 
granular aspect, not a crystalline one. They stand to each 
other, as Helmholtz puts it, in the same relation as calc spar 
and marble, both of which consist of carbonate of lime; but 
in the former, as in lake ice, the material is regularly 
crystallized; in the latter, as in the glacier, it is in irregular 
crystalline grains. 

220. Daily Motion of Olaeien. — It is well known that 

glaciers descend the valleys in which they lie. Their lower 
end i*emains at the same place for many years, notwithstand- 
ing the incessant melting to which it is subjected, and this 
fixity can only be secured by a constant supply from above. 
The fact that the glacier extends beyond the limit of per- 
petual snow, necessarily presupposes motion. But apart 
from theoretical considerations, the motion has been observed 
and registered by recording the movements of the debris on 
its surface, and by the insertion of posts in lines across the 
ice. On the Mer de Glace, below Montanvert, the daily 
motion of pegs inserted in a line from west to east, was found 
by Tyndall, 12, 17, 23, 26, 26, 26, 27, 33 inches. Higher 
up, opposite Les Fonts, the posts from west to east showed 
a movement of 7, 13, 16, 20, 21, 23, 22, 15. Without 
following all the details of the experiment, suffice it that the 
shifting of the maximum speed from one side to the other 
corresponds with bends of the valley; so that glacier and 
river alike impinge most forcibly on the concavities of the 
curves in their course. To this extent, therefore, the genei'al 
statement that the ice in the centre of the surfiGkce of the 
glader moves fast^t^ must b^ modi£fid% 
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S21. Corves of iSlacier Valley | their Influenee on 
Erosion of Channel. — The significance of the facts just 
mentioned lies in this, that in some valleys or fiords, such as 
that of Loch Long, in Argyleshire, the deepest soundings 
are nearer alternately to one or other side, and that the 
deviation is greatest below the point at which a tributary 
glacier entered. Of course this depth cannot fairly be 
assigned to glacier ei'osion, unless its amount exceeds that 
which a river of water is capable of scooping out for itself. 

8S2L' Mean Daily Motion: Seasonal Variations. — ^The 
maximum speed of the Mer de Glace^ observed in thcso 
experiments in 1857, ranged from 20 to 33 or 36 inches 
daily; while the movement at the margins varied from 7 to 
16 inches daily. On the tributary glaciers the movement is 
less n^id; that of the Glacier du G^ant showing 11, 13, 
5 inches as its lateml and maximum movement along the 
transverse line; that of the Glacier de L6chand showing 6, 
10, 6 inches. The winter motion of the Mer de Glace in 
1859 showed, from observations near Montanvei't, a speed 
only half that of the summer months. 

S28. Variations of Movement at Surface. — It appears 

from Tyndall's observation,* that not only does the maximum 
velocity shift towai*ds the concavity of the valley curves, but 
that the movement is alternately faster and slower along 
the same line. These irregularities are due to inequalities 
of the channel in which the ice flows, inequalities such as 
to make obvious at the surface the frictional resistance to 
which the obstacle gives rise at the bottom. 

. 2SA. Variation of Movement Below the Surface.— The 

aiminution of frictional resistance is i}rogressive from below 
upwards; but the difference of rate of movement in the 
highest and lowest portions, is proportional to the depth of 
the glacier. It has been stated that the surface velocity 
varies, a reduction taking place where, probably, inequalities 
of the channel diminish the vertical thickness of the ice. 
An observation of Tyndall's on the Glacier de G6ant showed 
that the motion at 4 feet from the bottom, at 35 feet from 
the bottom, and at the top was 2^ inches, i^ inches, C inches 
in twenty-four hours. 

♦ Forms of Water, pp. C7-97. 
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225. Eetardation Due to CompressiA. — The Mer de 

Glace is the joint stream formed by the glaciers de Gdant, de 
L^chaud, and de Talefi*e. The width of these before their 
xmion is 2597 yards; but afterwards the three pass through 
a valley, which at Tr^laporte is only 893 yards wide. Below 
this point the maximum velocities, already referred to, were 
20, 23, 34, 25, 27 inches; but in the Glacier de G^ant, three 
points in the length of the stream moved 20*55, 15*43, and 
12*75 inches daily, and as tlie extreme points were 1032 
yards apart, the inference seems fair that the compression of 
the ice in the narrows, and the consequent deepening of its 
mass, have to do with the retardation, the counterpart of 
which would be found in a river under similar conditions. 

226. Difference of Biver and Glacier. — Similar as are 
the movements of fluid and solidified water, one geologically 
important difference exists. The river is arrested by an 
obstacle and flows roimd it, the ice surmounts the obstacle^ 
retaining to a considerable extent its average thickness. The 
ice is not rigid, neither is it viscous, but it has a certain 
power of adaptation to the inequalities of its channel, 
conferred by that plasticity which has been spoken of in 
Art. 213. 

227. Bifurcation of Olaciers. — In one very important 
particular the glacier differs from the river; for while both 
are enlarged by the convergence of tributaries, the river only 
divides in the delta, if it forms one.. But the glacier, by 
virtue of its plasticity, is not arrested, is not always diverted 
from its course by elevations of its channeL An inequalit^y 
of surface which would constitute a waterparting between 
two streams of water, may present no obstacle to an ice 
8ti*eam. The glacier may, however, divide, and its moieties 
may descend valleys which lead ultimately to different seas. 
Between the source of the Tweed and St. Maiys Loch, two 
examples of such bifurcation are recorded in the still fresh 
moraines. The glacier which occupied the seat of Loch 
Skene divided on the opposite hill, and the curved terminal 
moraine shows that one portion went towards the Grey 
Mare's Tail to reach the Solway, the other descended Winter- 
hope Bum to join the Megget. On the opposite side of the 
waterparting, the Upper Talla glacisc oixfi^baxV^ ^2iL?n.\^^ ^s^^s^ 
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portion passing to the left, tlio other passing by Megget to 
St. Mary's Loch.* 

• 228. Crevasses: Bergschrnnd. — When the angle of the 
bed of a glacier changes; a, if the bed rises, the ice of the 
upper stratum passes through a greater space in the same 
tune than that of the lowest layer; 6, if the bed slopes 
downwards, the bottom moves through a greater arc in the 
some time. In the one case the suiface is compressed; in 
the other it is stretched. 

The cross fractures, known as crevasses, occur where a 
change of level takes place, as in the cascade of the Glacier 
du G^nt, whero the bed suddenly slopes, and in the Gorner 
glacier at Zermatt, where the more rapid motion of the mid 
stream strains the lateral portions, which break when the 
pull exceeds a certain amount, in other words, when it is 
greatly in excess of the yielding by melting (Art. 213). 
The ridges between these transveree fissures may give way 
under local strain, and originate new fissures connecting the 
crevasses, the portions of ice thus isolated being known as 
s6racs. The bergschrund is a crevasse formed where the 
n6v6 adhei'es firmly to an outstanding precipice, while its 
lower part is carried forward by the stream ; in this, as in 
the other case, the line of fiuctinre is at right angles to 
that of the stream. 

229. Dirt Bands. — ^But below the point at which the cre- 
vasses are formed, regelation unites the broken surfaces; 
not uniformly, however, for the portions descend so as to 
present a series of terraces, just as a faulted mass of rocks 
presents inequalities of level of its parts. Solar radiation 
begins to act, and, as the vertical face of the terrace melts at 
a difierent rate from the plane surface, alternate bands of 
pure and of debris-strewn ice result, the latter soon showing 
the characteristic curves of a stream in which friction retards 
the lateral portions. 

280. Diminntion of the Olacier by Baperficial and Ter- 
minal Loss. — ^The upper surface of the glacier undergoes 
diminution by evaporation, and the lower by melting. The 
8un*s heat during the day melts the surface, and the water 
pour9 down into the centre of the glacier through the ere* 

* (fuart. Jour, Qtol Soc., 1864. 
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Tosses. The limit of forward moyement of the glacier is 
determined by the temperature of the valley into which it 
flows, and variations of temperature are recorded by the 
position of the detritus which falls £it)m the extremity. If 
the heat of the valley is such that the melting of the ice is 
equal to its forward movement, the extremity of the glacier 
is stationary; if the melting is greater than the supply from 
behind, the extremity recces; if, on the other hand, the 
forward movement is in excess of the melting, the glacier 
advances farther into the valley, and these three stages are 
illustrated from time to time in the Alps. The rate of 
movement has been determined by Agassiz, Forbes, Tyndall, 
and others, and varies from a few inches daily to a few feet. 
The backward or forward movement of the glacier, or, as it 
may be more strictly called, the advance or retreat of its 
lower limit, according to seasonal variations or climatal 
changes during long periods, is estimated by the position, at 
the extremity of every glacier, of the detritus which it 
conveys. 

231. Dimensions of Glaciers. — The length and depth of 

a glacier depend on the area of the feeding ground, tho 
number and size of tributaries, tho amount of snowfall, and 
the temperature of the valley into which the ice descends. 
The Alpine glaciers are never more than thirty miles in 
length at the present day, but the signs of their former 
greater size are traceable for more than sixty miles from the 
present end, and their scorings are seen 2000 feet above the 
bottom of the valley. Nowhere in low latitudes are such 
dimensions to be found now. Higher average annual tem- 
perature, due to secular changes; a drier atmosphere, conse- 
quent on man's agricultural opemtions; hot winds from tho 
Sahara sand desert, in place of the cooler moist winds 
which crossed the former water surface of that region — all 
these have tended to diminish the size of the Alpine glaciers. 
In the Himalayas, a glacier of 36 miles long has been 
measured, and in New Zealand the great Tasman glacier is 
12 miles in length. The Humboldt glacier, in Greenland, 
measures at the coast 60 miles across, and 300 feet thick. 

233. Diminution of Feeding Ground: Surface Wash.— 

In addition to these climatal changes, it must \»YQi\sss>x«\YKC'5^ 
23 ^ 
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Uiat the downward passage, even of nivi, denndea the rock 
over which it travels. In all hilly districts on which snow- 
lies for some part of the year, the higher slopes are covered 
with a. quantity of irregular debris, ^e fragments of whidi 
are often irregularly scratched. The snow, slipping from 
time to time, tumbles these fragments over each other, and 
tliey are gradually earned down hilL Thia surface wash is 
also met with in glacier districts, on spots too steep for the 
formation of a glacier. During the long periods that the 
incipient glaciers have slowly ground their beds, reduction 
of the snow field or feeding ground must have resulted, and 
this must be added to the causes of the diminution of 
glaciei-s. 




HOBAIUBS. 

233. Avalanches. — If the slope is too rapid for the snow 
to accumulate and slowly compress its lower strata into ice, 
the snow, or it may even be the n4v6, glides down, when ttie 
equilibrium is overthrown. These avalanches are often of 
enormous size. But ice avalanches also occur when a glacier 
forms in a hollow, which terminates not in a gentle de^vity, 
but either in a cliff or in a slope too steep for it to rest. 
The end of the glacier breaks off: if it were in water, it 
would float away as an Iceberg; being on land, it forms an 
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2S4. Position of Detxitna on Olaeier.— Moraine is the 
term used for the rubbish 'while it ia still being borne hy the 
ice. The larger blocks, and the more conipiouous debris, are 
along the sides of the glacier, being derived irom the walls 
of the valley; and if the glacier remains single, the two 
marginal lines run parallel nearly to the end. But if two 
glaciers unite into one stream, the adjacent lateral moraines 
coalesce, and form a single niedian moraina But this union 
is accompanied by a change of speed; for whereas both lateral 
moraines were retarded by friction, united they descend 
with the speed of the central stream. The finer detritus, 
and the small isolated stones, sink into the ice, being heated 
by the sun. But all debris ia large enough blocks, or in thick 
enough layers, to permit the slow conductivity of stone to 
come into pUy, remains on the surface. As tiie ice ^elts, 
that portion on which the objects rest is protected from 
the sun's heat; it does not melt, and thus comes to form 
a pillar or a ridge, with a more or less extensive cap. In 
the same way, small pebbles protect little cones of sand from 
rainfall, and thus come to rest on peaks, the interreoing 
hollows being denuded. 
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235. Part of Debris Sinks into Glacier.— But not all 

the rubbish remains on the surface; part drops in between 
the ice and the valley wall, part is engulphed in the crevasses. 
Received into the spongy, slushy ice forming the lowest 
stratum, the coarse and fine materials are carried forward, 
grinding and being ground. The sediments resulting from 
this process are carried out at the end of the glacier by the 
stream thence issuing, the water of which is derived from 
the melting of the upper and lower surface of the ice. The 
coarser materials are detained in the immediate vicinity of 
the glacier; the finer are carried away and deposited along 
the course of the river, the distance to which the consequent 
muddiness extends depending on the speed of the river, or 
the occurrence of lakes in its course. The loess (loss), which 
forms* so important a deposit in the tertiary series of the 
Continent, is derived from glacier erosion. 

236. Moraines of Deposit. — ^Two kinds of material are 
found at the lower end of the glacier, the one distributed 
mostly in mounds, and consisting of angular fragments of 
rock in the same state as when they fell from the slopea 

bordering the glacier ; 
the other consisting of 
fine mud, of gravel, 
and of laiger blocks, 
all giving evidence in 
their rounded edges and 
smooth surfaces of prolonged friction. The superficial mor- 
aine, as the piles of angular rubbish are called, may have the 
form of a series of cones, each cone corresponding to the line 
of detritus that has travelled down on the ice ; or it may 
appear as a continuous ridge parallel to the face of the 
glacier, and sometimes so regular as to look like an artificial 
embankment. The melting at the extremity of the glacier 
is not confined merely to its face, but the sides likewise, for 
a short way up, melt at the same rate, and the rubbish borne 
at these ])arts, falling over, constitutes a lateral moraine, 
which, uniting with the terminal moraine, may form a 
semicircular barrier round the ice. These piles of angular 
materials, the size of the fragments in which is often very 
considerable^ rest upon a quantity pf deep morainic mfttter* 
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As no English word exactly corresponds to the French term, 
it is perhaps preferable to use it, and speak of the mud and 
polished stones as constituting the moraine profonde. This 
moraine profonde derives its materials both from the upper 
and the under surface of the glacier. The heavy mass of ice, 
travelling slowly along its chamiel, grinds the surface of the 
rock beneath, and carries away a certain amount of finely 
pulverized material. The droppings from the sides of the 
valley tumble either upon the top of the glacier, or fall into 
the groove between the ice and the valley wall. Some of 
the supei*ficial moraine drops into the ice through the cre- 
vasses, and ultimately reaches the lower surface; while that 
which has fallen in at the side of the glacier very speedily 
gets to the bottom, and each particle, caught up and carried 
forward by the ice, becomes a powerful agent in friction, 
disintegrating the surface over which it travels. But the 
fragments have not the free motion of pebbles in water ; 
and while the latter rolling over and over acquire a rounded 
fonn, being smoothed at all points, the glacier -formed 
stones are usually angular, the angles being somewhat 
rounded, and one or more of the surfaces uniformly smoothed. 
The direction of the scmtches or stris upon these polished 
surfaces tells whether the stone has moved continuously 
onwards in the same line, or has moved altei*nately in diffe- 
rent lines; in the one case the scorings are parallel, in the 
other they cross each other. The mud and very fine sand 
form an impalpable powder, which takes a very long time to 
settle in water, and this thinner material issues from beneath 
the ice in a turbid stream. 

237. Snbglacial Stream— Notch in Tenninal Moraine. 

— There is constant melting going on between the ice and its 
channel, due to heat developed by friction, to pressure, and 
the passage of water from the surface into the deeper parts, 
the evidence of this passage being the fact that a g?acier 
stream is smaller during the night than during the day. In 
consequence of the permanence of this stream the terminal 
moraine never forms an uninterrupted mound, but is breached 
at some point or another, and the finer sediment is carried 
away to lower points in the valley, the coarser being left 
behmd. If the glacier recedes rapidly, the mor^vc^^ ^^Vs^^^iSk 
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is spread out as a sheet within the terminal morainei and has 
all the appearance of a newly-drained lake bottom. If the 
recession is slow, rows of terminal moraine form semicircles 
across the valley, and it is by the distance of the older moraine 
mounds, from the ice at the present time, that we infer the 
former extension of the glacier. 

288. Olacien at Sea Level.— To the north of 70'' lat. 

glaciera descend to the coast line. When the ice reaches the 
sea the detritus it carries is spread out over the* adjacent sea 
bottom. If the ice is in sufficient mass to push out beyond 
the shore line, it may travel seawards for some distance in 
contact with the bottom before it gets into water deep enough 
to float it. As the specific gravity of ice is such, that for 
every foot of ice above the surface of water there are about 
9 feet below, it is obvious that in shallow seas a glacier may 
extend very considerably beyond the limits of the land; nay, 
if the ice is very thick, it may spread over the surface of the 
sea as a considerable cake before the movements of the water 
have sufficient power to break it through. Kane speaks of 
the ice sheet in the Arctic seas as moving up and down with 
the action of the tide like a door upon its hinges. At some 
point or other of the floating sheet portions are detached by 
the formation of crevasses, and these float away as icebergs, 
carrying with them, adherent to the under surface, such 
detritus as they may have picked up. Upon the upper sur- 
face, animals that have by accident been unable to escape are 
not unfrequently carried ; and in this way fragments of the 
rocks of one region may be scattered over the ocean floor of 
another region, and the bones of animals may be found in 
latitudes to which they are not native. 

239. Striation of Glacier Bel—The friction cxei-ted by 
a glacier is greatest, obviously, at the bottom of its channel; 
but the sides likewise are grooved and scratched in exactly 
the same way, although with diminishing force, as far as the 
last point of contact of ice and rock. The former greater 
thioloiess of glaciers is frequently recognisable from the height 
at which these lateral longitudinal markings are foimd abovo 
the limits of the present glacier. Glacier denudation is 
tmlike that of rivers, inasmuch as, when an obstacle occurs 
in iti course^ the results of friction are entirely confined to 



OtiCIAL PE&IOD. 231 

the upper side of the obstacle." Thus, we may distinguish the 
lee side of a projecting mass of rock by its angularity; whereas, 
in a river. botJi the upper and the lee side are smoothed, 
although, perhaps, not equally so. 

240. Characteristic Features of a Olaciated District. — 

The uniform abrading power of the ice gives a characteristic 
roimdness to the inequalities of surface over which it has 
passed ; and thus the centre of Scotland is distinguished by 
the evenly curved outlines of the hill summits, particularly 
in the southern districts. The smaller dome-shaped bosses of 
rock are known as roches moutonnees, a term which, however, 
is equally applicable to the hills. 

241. Extent of Ice over Different Begions.— The amount 
of ice covering particular districts varies considerably. In 
the Alps, snow and ice cover the central summits and the 
heads of the valleys, the peaks and ridges separating valleys 
being frequently entirely free. In Greenland, on the other 
hand, no mountain peaks are seen projecting; but the whole 
country is covered with a sheet ot ice and snow, which seems 
to rise inland, and to conceal even the most prominent features 
of the land. But it must be remembered that little of the 
interior has been explored, and that fog and haze render 
unreliable the observations made from a distance. It is 
possible that Greenland is not a continent, but a series of 
low-lying islands. 

242. Development of Ice Sheet of N. Hemisphere in the 

Glacial Period. — During the glacial period a sheet of ice 
covered the whole, even of the more prominent features, of 
the land in "the northern temperate regions. The growth and 
diminution of this great polar ice -cap was gradual. The 
increasing rigour of the climate, dependent upon astronomical 
changes which will be discussed hereafter, permitted the for- 
mation of glaciers at first roimd the central peaks of mountain 
ranges. As the cold increased these extended into the plains^ 
and, filling the valleys up to their summits, flowed over them, 
so that adjacent glaciers became united. The land — ^in some 
areas at least — ^went down, and thus the ice covering became 
universal; enormous tracts presenting the appearance of Green^ 
land. As the climate improved again, and aa the land rose 
above the level of the sea, the ice covering fJKx«BSK.^'^^^^as^ 
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only limited glaciers remained in the high grounds; and in 
some parts of the northern hemisphere these also disappeared. 
Thus, in Britain, the hill districts of Wales, Cumberland, 
south and north Scotland, still contain the remains of glaciers 
in the form of moraines, as perfect as if they had been shed 
yesterday. 

243. Definition of Olacieri and loe Sheet — It is conve- 
nient to retain the distinction between glacier and ice sheet, 
notwithstanding the fact that they merge into each other. 
The former refers to a mass of ice whose movements are con- 
trolled by the minor features of a country; the latter to a 
mass which has overtopped these boimdaries, and is no longer 
controlled by them. 

244. Ice Sheet of Olaoial Period formed by Fusion of 

Local Glaciers. — ^The theory that the ice coverings of all the 
northern continents originated, each in its own district, and 
that, as for example in Britain, each separate hill district 
became a centre for a separate mass of ice, depends for its 
proof upon the now well-ascertained fact, that the scratch- 
ings left by the ice follow the lines of , the great valleys, 
and radiate from the highest points of the coimtry. Not 
merely do these strife follow the valleys, but they curve in the 
valleys in such a way as to suggest a solid body which has 
been deflected from side to side like a stream of water, only 
with less sharp curvatures : they repeat, in fact, the deflec- 
tions indicated (Art. 220) by the observations on the Mer de 
Glace. The mass of the Scandinavian peninsula shows very 
beautifully this radiation from the higher groimds. In 
Britain we And indications that the ice sheet, as soon as it 
had become continuous, moved without regard to minor 
inequalities, though still retaining a certain relation to the 
leading features of the coimtry. 

245. Lower Boulder Clay, the Moraine Profonde of the 

Ice Sheet. — The northern part of the British Islands is 
covered with a series of accimiulations, the lowest of which 
is a clayey mass, more or less tenacious, according .to the 
amount of shaley strata whose distintegration has contri- 
buted materials to it. In this clay are included fragments 
of rock showing the rounding of the edges, the smoothing 
and scratching of the flat surfageSi and the frequent limita- 
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tion of the scratching to one face only; in fact, all the 
characters which are presented hj the gcUets of the modem 
glacier. These materials, of yarioxis sizes and shapes, are 
thrown together without any order; they are scattered irre- 
gularly through the mass, and this, aa well aa their positions, 
indicates that they have not been assorted by water. The 
absence of angular fragments in the mass, though they are 
frequent on its surface, or to put it more plainly, the fact 
that all the fragments, large and small, have undergone fric- 
tion, shows that the till is not the remains of the superficial 
moraine, but of the moraine profonde. The absence of such 
unworn fragments as have travelled along the surfiEice of 
the modem glacier, might have been expected, since, in the 
first place, the ice sheet at the period of its greatest develop- 
ment covered all the peaks from which fragments might 
have dropped on its suiiace; and, in the second place, the 
shrinking and re-extension of the ice sheet, of winch ^ere 
is abimdant evidence, must have given even to unworn frag- 
ments their galet form. 

246. Upper Boulder Clay, or Stratified TilL— But this 

tmstratified mass is covered in the north of England by a 
deposit into which it gradually passes, or from which it is 
separated by a layer of sands and gravels containing marine 
shells. The stones in this till have evidently the same 
characters as those of the upper boulder clay, but they show 
signs of longer friction; and the more or less regular strati- 
fication indicates that water has had some shf^ in their 
reassortment. 

247. Belation of the Upper and Lower Boulder Clays. — 

The accompanying diagram shows how the lower till was 
deposited by the ice sheet, and how the stratification came to 
pass. The enormously thick land ice could not have allowed 
the accumulation of 90 or 100 feet of till beneath it, so long 
as the whole country was above sea level. But bearing in 
mind that the ice sheet actually passed far beyond the limits 
of the land, and that its specific gravity kept it in contact 
with the bottom for a considerable distance, it is evident that 
when the depth of water was sufficient to float the ice, an 
angle was left between its lower surface and the sea bottom, 
in which the rubbish pushed down by the ice lod^^^ 
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the land went down this angle increased, the detritus was 
deposited in greater quantity, until at last there was suffi- 
cient depth of water to allow currents to affect the uppermost 
part, and to reassert it in a rude fashion. The lower and 
upper tills are inverse to each other in quantity, as might be 
expected from the above explanation. It follows, then, that 
the lower till was not deposited on the land above sea level 
but below it, and its accumulation in quantity was only 
possible when the ice was lifted off the sea bottom in conse- 
quence of continued submergence. 
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B. B. C— Stratified Boulder Clay. B. C— Lower or tJstiraiified Boolder Clay. 

The diagram represents the glacier from the pmnt where it 
quits the land. 

S48. Erratics. — Over all glaciated regions lai*ge blocks 
are found, whose size indicates that they could not have been 
carried by water, while their shape shows that they have not 
been subjected to water friction. Some of these have been 
identified as fragments of rocks, whoso locality is so distant 
that no agent but ice could have transported ^em to where 
they are now found. Some of these were doubtless carried 
on glaciers and left when the ice melted; others must have 
been earned on icebergs, and dropped when the berg melted, 
or, as fi*cquently happens, was overturned* Since icebergs 
at the present time travel in the North Atlantic as far south 
as the Azores, in the South Atlantic to within 36® of the 
oquator, it is not difficult to understand how, in former times, 
erratics may have wandered iar from the parent rock. These 
blocks are sometimes found perched on the summits of rocky 
ridges, in positions where watei* could not have left them. 
But it must be remembered that some rocks, as granite, aro 
decomposed by the atmosphere in such a way as to leavo 
bhcB pcrchiSf exactly similar to erratics, though they have 
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never travelled from tlio epot. Many of the Lognn stones, 
or rocking stones, of the tors in Cornwall, have this local 

S49 Pack lee : loe Foot — In the Arctic regions, and in 
such seas as the Gulf of Sothnia, the surface of the sea itself 
is frozen for a part of the year. The pack ice, extending 
Beavards, commencea at first with the ice foot, a narrow coast 
belt of ice, sometimes increased to 30 feet ia ^okness. The 
sheet becomes broken up by channels, and, under the influ- 
ence of storms, portions become piled iipon each other, consti- 
tnting masses dangerous to navigation. Geologically, the 
pack ice is productive of very little change; but the detached 
fragments may, like the icebergs, become the means for con- 
veyance of animals into lower latitudes. 

350. Coast Ice. — Coast ice is rarely formed within the 
British area, and is, for the most part, met with only where 
fresh waters are poured into the sea. 

261. Orouttd loe. — Ground ice, or ice formed at the bottom 
of rivers, is, in some of the American streams, of considerable 
importance as a geolc^cal agent. The sheet, whose forma- 
tion is determined by the contact of water witi stones at the 
bottom, which have become chilled by radiation in clear 
water under a cloudless sky, rises and carries with it the 
fragments among which it was formed, conveying them down 
the stream into the open sea, and, as the ice melts, distri- 
buting them over the floor of Uie ocean. 

&5S. Iceberg:: Ice Floe. — By ground ice, by icebergs, and, 
under certain circumstances, by coast ice, very large quan- 
tities of sedimentary maberials are transferred from one place 
to another, in addition to the more conspicuous erratics 
already mentioned. The iceberg is the mass detached from 
a glacier at the sea level, or broken off from its end at the 
top of a coast cliff; the ice floe is a part of the pack ice eet 
free by being broken up under the influence of storm waves 
and tidal movement. The bergs are often of enormous dimen- 
sions: even after they have travelled for, a height of moi'e 
than 200 feet has been seen above water, indicating, if the 
berg were of equal circnmference at all parts, a total height 
of at least 1800 feet. It has been soggested that the dimen- 
sions of icebergs have been exa^eratod-, igctWY^ 'Vci^'^&s, 
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Obviously the freezing of atmospheric moisture yields the 
hailstones; but the rapidity with which they have been 
frozen, judging from the regulaiity of the crystals, makes it 
difficult to explain their formation, since the dry condition 
in which they usually fall indicates that they have been 
subjected to a temperature far below 0®C. 

266. Strncture of Hailstones. — They are more or lesa 
spherical or oval; and on fi*acture often very strikingly re- 
semble the zeolites or radiating crystalline minerals found 
in trap rocks. The crystalline lines are often crossed without 
being interrupted by concentric lines, such as would result 
from the freezing of successive layers of water. The size 
varies from small shot up to masses of an inch in diameter; 
larger stones — and some of very great size are reported — are 
formed by adhesion of several, and probably in the extreme 
cases the regelation took place after they had reached the 
ground. The freezing probably affects a sphere of water on 
which moi*e moisture is deposited and freezes, so that when 
conical pieces are foimed these are probably fragments of 
broken spheres. But in the hailstorm of July 1872, in 
Glasgow, fragments were caught in large quantities before 
they reached the ground, and these were conical, with spherical 
bases, but no trace of concentric arrangement. Their dis- 
ruption must have taken place in the atmosphere. 

257. Belation of Hail to Storms. — Hail in Europe usually 
comes with a S.W. wind, though local features may shift 
the direction. The suddenness of the storms, the speed with 
which they travel, and the restricted area they cover, coupled 
with the fact that their direction coincides with the usual 
wind storms of a country, make it probable that, taking place 
most frequently in tropical regions, and in the hot weather 
of temperate regions, they are associated with alterations in 
the electric tension of the atmosphere even when they are not 
accompanied, as often happens, by a thunderstorm. Whether 
the cold is that of the upper air into which warm moist air 
has ascended, or is the result of the meeting of two cuiTcnts 
at une(]^ual temperatui'es^ is uncertain. 



CHAPTER VI. 

SECTION I.— THE ATMOSPHERE. 

Composition of Air : its Density — Height of the Atmospheric Colamn: 
Ether — ^Variations of Pressure : Height and Temperature : Aque- 
ous Vapour — Areas of High and Low Pressure — Annual Varia- 
tions of Pressure — Influence of Aqueous Vapour on Temperature 
— Absorptive Power of Gases — Influence of Ozone — ^Temperature 
of Atmosphere — Decrease of Temperature with Height-— Eftects 
of Heat — Analogies of Light, Heat, and Sound — ^Transmission of 
Light through the Atmosphere — Transparency and Colour of 
Atmosphere — Reflection: Refraction: Absorption — ^Twili^ht — 
Absorption : Diminution of light by Distance — ^Polarization of 
Atmosphere — Transmissson of Sound — Intensi^ of Sound — 
Sounds louder by Night — Refraction and Reflection of Sound — 
Resonance — Transmission of Heat — Reflection of Heat— Diminu- 
tion by Distance. 

258. Composition of Air. — Having hitherto considered 
what may be called the proper mass of the earth, all, that is 
to say, which is essential to the planet as a body moving in 
space, we have now to inquii'e into the composition, proper- 
ties, and movements of the environments of the spheroid. 
Disregarding, for the time, speculations as to the existence 
of an ether occupying an apparently vacant space, through 
which the terrestrial bodies move, we shall confine our 
attention to the atmosphere, that invisible, elastic layer of 
variable and uncertain thickness, which siuTOunds the 
globe. Perfectly pure air consists of oxygen and nitrogen, in 
the proportion of 21 to 79 by volume; but this theoretical 
atmosphere so constantly contains other substances that one 
is almost in doubt whether the term impurity is legitimately 
applicable to the compound. Carbonic acid is almost always 
present; other gases are likewise present in small quantities; 
and there are, in addition, solid matters of various kinds, 
organic as well as inorganic The mixture of the diQierent 
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gaseous components of the atmosphere is not one which 
depends upon motion for its completeness, since, if the gases 
were left in contact without disturbance, a compound would 
very soon be formed by diffusion. The paiiicles of which 
tliis elastic layer is composed are not stationary, either rela- 
tively to each other or to the solid globe, and the various 
kinds of movement, the existence of which we know with 
certainty, fall to be considered by the meteorologist, who 
tests the scientific value of his conclusions by the accuracy 
with which they enable him to foretell atmospheric change. 

269. Density of Atmosphere. — If we ascend from the 
level of the sea to the summit of a mountain, we find that 
the density of the air is diminished, the pressure, that is to 
say, is less ; and if the height to which we have ascended is 
12,000 feet, the atmosj)here, which at the searlevel would 
have occupied a certain cubic space, wil^, at the greater 
elevation, occupy double that space. The mode of estimating 
this difierence of pressiire is by the barometer, and if the 
mercury stood at 30 inches at the lower level, it would re- 
quire 15 inches at the upper level. At the level of the sea 
the pressure of a column of atmosphere, the height of which 
is unknown, equals the pressure of a column of mercury 30 
inches in height; and as this represents the pressure of about 1 5 
pounds (14*7 lbs.) on each square inch of surface, the pressure 
at the top of the moimtain of 12,000 feet would be about 7^ 
(7*35 lbs.) poimds on each square inch. It has been calcu- 
lated that at the altitude of between 40 and 50 miles, no 
appreciable pressure would be detected. 

260. Height of the Atmospheno Column: Ether.— If 

the atmosphere were of equal density throughout, it would 
be, judging from the mercxuial column, five miles in height. 
But we have seen that the density diminishes with height, 
and that at 40 or 50 miles no appreciable pressure would bo 
detected. It has been calculated from observations on meteors, 
which become visible when they penetrate the terrestrial 
atmosphere, that the upper limit is about 200 miles, while 
M. laais, from the phenomena of polarization, fixed it at 212 
miles. Within and beyond this lunit space is occupied by an 
elastic medium or ether, which is capable of transmitting the 
vibrationji of light, and of retarding by Mc*i<itL^\3Mi\x^ '^'^^ 
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influence be very small, the motion of the celestial bodies 
through it. 

261. Variations of Pressnre ; Height and Temperature. 

— The pressure expressed in inches of mercuiy, that is to 
say, the height of the column which the atmosphere can sus- 
tain, varies under several influences. The dimimshed pressnre 
felt in ascending to a height is not equal in all parts of the 
globe. For, as the force of gravity diminishes as the square 
of the distance from the centre of the earth to any point on its 
surface, the diminution will be slowest at the equator, most 
rapid at the poles, the mean being about 45° N. lat. The 
con-ection for height is, in Britain, '001 inch for every 400 
feet of ascent ; the vertical column of the atmosphere is less 
by that amount, and *001 expresses its diminished sustaining 
power in inches of mercury. To equalize the difference in 
the rate at which the force of gravity diminishes, the mean 
point, 45° N. kt., is the zero point; but, at the equator, -003 
inch requires to be subtracted from the observed height ; at 
the poles that amount requires to be added, so as to obtain 
an average for pressure at the sea level at all points. The 
temperature of the air modifies its pressure, which is less at 
high than at low temperatures; but as temperature falb 
•55^ C. for every 300 feet of ascent, the correction for height 
is the addition to the observed temperature of a number of 
degrees corresponding to the elevation. 

262. Varieties of Pressure: Aqueous Vapour. — ^The quan- 
tity of aqueous vapour in the atmosphere varies under condi- 
tions whose recurrence is determined by the variations of solar 
influence. In discussing this subject, the student must bear 
in mind that he will find in these paragraphs only such a 
general summary as will make him te understand the compli- 
cated character of the phenomena on which climate depends, 
and the consequent difficulty of deciding on the influences to 
which phmts and animals are subjected. The fuller discussion 
of the phenomena will be found in special treatises, such as 
Buchan's Handbook of Meteorology, Buchan tabulates the 
diurnal variations of pi-essure at Calcutta, from which it 
appears that the greatest pressure, varying firom '039 to '076, 
occurs at 9*30 A.M.; the next, at 10*30 p.m., varies from *008 to 
•036; while the minimarange from - '017 to - '027 at 3-30 a.m,; 
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from - '048 to - -071 at 4-30 p.m. As the tidal wave is later 
than the time at which the sun and moon cross the meridian 
of any place, these barometric variations follow periods at 
which, judged by the sun's position, the daily maxima and 
minima should occur. The sun crosses the meridian ab 
noon; but as the earth is not rapidly heated, the highest 
temperature is about three hours later; and the lowest tem- 
perature, about 3 A.M., is correspondingly later than the hour 
at which the sun crosses the antipodal meridian. The highest 
and lowest pressure correspond to the hours at which the 
atmosphere contains the greatest and least amount of vapour 
of water. But though evaporation is greatest at the hottest 
hours in the afternoon, the pressure is greatest in the fore- 
noon, when the atmosphere has not yet been heated up by 
solar radiation, and the elastic vapour is therefore retained in 
its lowest stratimi. The afternoon heat relieves the pressure 
by expansion; the evening cold increases it till dew falls, and 
thereafter the pressure diminishes till about 3 a.m., when, 
though the air is coldest, it is also driest. It. is obvious that 
the more nearly equal the daily temperature, or the lower 
the temperature, the less will be the daily variation of pres- 
sures, and the difference is also less marked in uniformly moist 
climates. But if the moisture is well-nigh equal throughout 
the year, while the hot and cold of summer and winter are 
extreme, the barometric variations will be great, as in Siberia, 
and westwards, into the central plain of Europe. 

263. Areas of High and of Low Pressora — ^Apart from 

the influences already mentioned, pressure is modified by 
some other conditions. Thus, whoever has walked beside a 
wall on an exposed hill top, while the wind was blowing at 
right angles to the wall, has seen the dust blown against the 
wall and obliquely upwards and leewards, or, if the wind was 
very strong, vertically upwards, while, on the lee side, a slower 
movement carries dust towards the wall, and upwards along 
its face to join the main current. This atmospheric backwater 
is more due to the action of the wind as it passes the top of the 
wall, tearing off a portion of the leeward air, and thus drawing 
on a current, than to the curve downward of the air bel^nd 
the obstacle. To windward the air is jammed against the 
wall, to leeward it is rarefied: to windward atmospheric 
23 <^ 
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pressure is increased, to leeward diminished. By analogy, die 
weather side of mountain chains might be expected to exhibit 
increased pressure. This, doubtless, helps to increaae the 
pressure in Siberia, the maximum for that area not being at 
the place of greatest cold, but to the westward, the Altai 
and other high lands, whose axis is E.N.K, stopping the west 
winds and heaping them up; while the area in which Yakutsk 
lies is, like Eastern Patagonia, a leeward area of low pressnxe. 
264. Annual VariationB of PresBure. — The annual varia* 
tions of pressure are determined by the heat and cold of 
summer and winter, the former causing an increase of evapo- 
ration, thus overcharging the lower strata with vapour; the 
latter checks evaporation, while the tension is diminished by 
the more copious precipitation. From the isobaric maps, or 
maps on wlubch the lines of equal barometric pressures aie 
recorded, it appears that the pressure diminishes towards 
the poles, but that the area over which pressures less than 
29*9 are obsci'ved, advances and recedes with the season. 
Thus, while in July the line of 29 9 is limited by the parallel 
of 40°S. lat., and the lines of lower pressure are curiously 
parallel to it, in January the line cur\'es northwards from 
New Zealand, and gradually reaching lower latitudes in the 
S. Atlantic, approaches neai-est to the equator in S. America 
about 25^ S. lat. The 29*9 lino in the northern or land hemi- 
sphere is about 50® N. lat. over the Atlantic in January, 
55® in July. In the simimcr this isobaric line curves south- 
wards, over the American continent, nearly to the Gulf of 
ISIexico; over the eastern continent it reaches as far south as 
the equator; but in both cases it recedes northward as it 
approaches the Pacific. In winter (January), the line recedes 
from its lowest latitude over the Atlantic, so as to form a 
curve whoso convexity is towards the poles, while the high 
j^ressui-e follows the great contments. The seasonal influ- 
ence is therefore well marked. Taking the mean of the year, 
it appcai-s that maximum pressure (30*1) exists in the north 
and south Atlantic, in the former stretching across the 
ocean between 25^ and 40° N. lat., in the latter between 15^ 
and 25° S. lat., and that similar areas occur in the Pacific, 
between 120° and 160^ W. Ion., and 25° and 40° N. lat., 
though no equally definite space can be indicated to the south 
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:>{ the equator. A mean annual pressure of 30 inches ranges 
Dver North America between 20° and 50° N. lat., while in 
the Old World it passes obliquely from the south of Europe 
bo the north-east of Siberia. In the southern or water hemi- 
sphere, the belt is more nearly latitudinal between 10° and 
35° S. lat. fA low pressure zone, 29*9, swells out north- 
wards towaixls the Himalayas, while the same pressure 
characterises the Arctic area north of 55° lat., the .Ajitarctic 
area south of 40° lat. The greatest superficial area of high 
pressure is over the land, of low pressure over the sea. 

265. Influence of Aqueous Vapour on Temperature. — 

The share which the vapour of water takes in the phenomena 
of atmospheiic pressure is scarcely inferior to that which it 
takes in modifying temperature. Perfectly pure air, consist- 
ing only of oxygen and nitrogen, permits aJl the waves of 
the sun, luminous and non-luminous, those of light and 
heat, to pass through; its diathermancy, which is to heat- 
waves what transparency is to light- waves, is perfect; and 
this is true also for oxygen, hydrogen, and nitrogen. A 
sun-beam concentrated on ice, after passing through a globe 
of water, is not apparently affected, yet it has no longer tho 
power of melting the ice; find if the positions of the two 
"forms of water" were reversed, the same result would 
ensue. The want of diathermancy is therefore due to the 
presence of water, not to the mode in which its particles are 
aggregated. Several very important consequences follow 
from this fact. The temperature of dry air is not affected 
by tho passage, of the sim's rays through it; it is at once 
tmnsparent and diathermanous. While, therefore, the face 
Is blistered by the direct rays of the sim on an Alpine 
glacier, the traveller has only to step into the shadow of a 
rock to realize the fact that tho temperature of the air is in 
reality at the freezing point. This, of course, is only true 
where the air is greatly rarefied, expansion lowering the tem- 
perature. But even at great heights the air is comparatively, 
not absolutely, dry in glacier ^stricts, evaporation taking 
place fi-eely from the surface of the ice. The capacity of the 
atmosphere for heat is therefore in proportion to the aqueous 
vapour it contains. Air is, however, heated by contact 
>vith warm surfaces, and, expanding, riaes, colder wA\«»?^^sJt 
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air taking its place. The molecular motion produced in dxj 
air by a heated piece of metal is very different from thit 
due to the passage of heat-waves through moist air. Agaiiit 
tlic same layer which, as Tyndall puts it, filters the nji 
of heat due to solar radiation, so that they do not reidi 
the earth, arrests the passage of heat radiated from the eartL 
It appears from TyndalVs experiments, that " the aqueous 
Tnpour of the air from (several) localities exerted an absoip- 
tioii seventy times that of the air in which the vapour vas 
diffused;" and that at least 10 per cent, of the terrestnAl 
radiation is ari'estcd within 10 feet of the earth's sur&ce. 
From these facts it is clear that while the eai-tli's loss of 
heat by imliation cannot be so great as it would be were 
the ail* perfectly dry, solar radiation does not contribute so 
much as it would on the same hypothesis. Further, the 
gi'eatest possible proximity (Art. 349) of the eortb to the 
sun would not secure the melting of tjie polar ice, since the 
evaporation due to the great heat woiUd interpose a sieve 
which filtered the heat rays, and saved the remaining ice from 
melting. 

236. Absorptive Power of Oases. — ^But the air contains 
other matters than oxygen, hydrogen, and aqueous vapour. 
Carbonic acid and ammonia are also present, and both of 
them present in greater quantity during warm than cold 
weather. The importance of thaso gase*' will be apparent 
from the following table, taken in paifi from that of 
T^-ndall:*— 

n-'Ulive abmrptlon at 
1 inuli of pnusun. 
iiir, - - - - . I 

Oxygen, ..... I 

Nitrogen, . - - - . j 

lIy<lrogen, ... - - i 

Clilorine, ----- 60 

Bromine, - - - - - ICO 

Carbonic Oxide, - - - - 750 

Car])onic Acid, - - - - 972 

Nitric Oxide. - - - . 1590 

Nitrous Oxide, - - - . lu^O 

Ammonia, ..... 5460 

Sulphuroos Acid, - - . . 6480 

* Heat 08 a Mode o/MoHon, p. S20. 
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Striking as is tlie proportion of heat rays, or calorific rays, 
arrested by air and ammonia respectively, the power of 
arresting the passage of radiant heat exercised by perfumes 
is even more remarkable. In a series of experiments on 
aromatic herbs, detailed at p. 335 of the above-quoted work, 
it is shown that the following relations exist : — 

• . t * Abeorptive Po:vcr. 

Air, ----- 1 

Thyme, - - - - - 33 

Peppermint, - - - - 34 

Spearmint, - - - - 33 

liavender, ----- 32 

Wormwood, - - - - 41 

Cinnamon, ----- 53 

Allowing for the minute exaggeration in these results 
due to the presence of aqueous vapour, it still appears that 
interference with the passage of heat rays is enormously out 
of proportion to the quantity of solid matter which the per- 
fumes of these plants contain. The vegetation of tropical 
regions is less characterised by the brilliancy of its tints than 
is that of temperate regions. In the latter, evaporation 
spreads a protective curtain against the solar radiation; in 
the former, the development of perfume by plants after 
sundown will tend to check terrestrial radiation. Insignifi- 
cant as these observations may appear to be, they are brought 
under the notice of the student for the purpose of showing 
him' how many are the points to be taken into consideration 
before we accept as final any judgment on the rate at which 
the earth receives or parts with heat. The absorptive power 
of carbonic acid given above establishes, apart from other 
reasons, the impossibility of an atmosphere of that gas having 
existed during carboniferous times, the plants of which we 
have every reason to believe were physiologically identical 
with those of the present. 

267. Influenoe of Osona— This gas is an allotropic form 
of oxygen, is, in fact, condensed oxygen, capable of effecting 
oxidations which the elementary gas cannot. It is easily 
decomposable by heat, its atoms resuming, after expansion, 
their relations as oxygen, but its absorptive power is 165 
times greater than that of oxygen. 

^8« Temperature ef ▲tni06plL«i^--Tk^ ^T:iSid.>;^sm. ^\ 
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licat or cold is relative, like that of salt and sweet, or any 
other pair of contrasting impressions. The traveller descend- 
ing from the Alps complains of heat at the same place where 
the ascending traveller suffers fi'om cold; the impressioii 
convoyed by the samo degree of actual temperature is deter- 
mined by the previous conditions. 

Statements founded on mere sensation are open to all 
kinds of fallacy, only instrumental observations are reliable. 
The popular saying, that " as the day lengthens the cold 
strengthens," means, when interpreted by science, that as the 
drier atmosi)here of frosty weather is succeeded by a moister 
and warmer state of the atmosphere, the great conductivity 
of the moisture, whereby heat is rapidly abstracted from the 
body, chills the body, notwithstanding that the thermometer 
is steadily rising. The contrasting heat and cold on the 
Alpine glacier have ali'eady been mentioned, the air Laving 
the same tempemtui-e in sunshine and shade. 

Tho thermometer records the varying amount of heat 
contained in the complex substance, atmospheric air; and tho 
influenco of aqueous vapour is not separated from that of 
other substances. Tho temperature of the air of the desert 
sometimes rises to 51'6°C., tliis being due, however, to the 
quantity of superheated sand particles suspended in it. This 
is an extreme case of the phenomenon of heating by convec- 
tion, or the successive transfer of masses of heated air. Con- 
tact with warm smfaces raises the temperature of the lowest 
strntum of air, tho amount vaiying with tlio humidity. In 
short, the temperature of tho atmosphere is for the most 
pai-t exprcssive of tho amount of other substances besides 
oxygen and nitrogen contained in it, and the most potent of 
these foreign bodies ai'e aqueous va2)our and fino sand. 

269. Decrease of Temperature with Height — The ob- 
servations of Mr. Glaisher made dm*ing balloon ascents 
(British Association Reports, 18C9), show that tho estimate 
above given — •55'*C. for every 300 feet of ascent — though 
fairly representing the facts for air in contact with the 
ground, is not correct for the 'air away from that kind of 
disturbing influence. It appears that there is considerable 
iiTegulaiity in tho decrease, consequent on the number of 
atmospheric cuiTents. At a height of 24^000 feet^ the tcm« 
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perature in September was -17*7°C., and at 37,000 feet it 
was - 24 '39^0. At lower elevations, it would appear that 
the ratio of decrease is slower; and that within 1000 feet it 
is affected by the state of the sky, being '55^0. for 223 feet 
when the s^ is cloudy, for 162 feet when it is clear. 

270. Effects of Heat — ^The expansion of the air tinder 
heat amounts to -j^ of its volume for every 1*^C. (j^ for 
every l^F.), so that if a cubic foot of air be heated 273''C., 
it will double its volume. The co-efficient of expansion, or 
the fraction by which the volume of a gas is augmented, when 
its temperature is raised 1°C., is -00366 for hydrogen, '00367 
for air and carbonic oxide. If a cubic foot of air is raised 
from 0° to 273® C, its volume is doubled; and 1*29 oz. of 
air is capable of raising through 1 foot the weight of 15 lbs. 
to the square inch, or 2160 lbs. of atmospheric pressure. 
But if the expansion is prevented, and the volume of the 
air kept constant, there is a difference in the absolute quantity 
of heat received by the two cubes of air. A greater amount 
is required to enable the air to overcome the resistance offered 
by pressure to its expansion than when the air is heated 
within unyielding boundaries; in other words, the air which 
is prevented from expanding has no work to do, the air which 
expands under pressure does work : it lifts a weight, and heat 
is spent in doing this over and above that needed for the 
given quantity of air. The proportion is 1 : 1*421; that is, 
if the cube with constant volume requires one part of 
heat, the cube which expands when heated under pressure 
requires 1*421 parts. The excess is spent in doing work. 
To take again the cube of air: the lifting of 2160 lbs. 
through one vertical foot, is the work done by the excess 
of heat over that needed to raise the temperature of the 
cube to 490*F. (273*0.). The excess would be sufficient 
to raise 2*8 lbs. of water VF. of temperature, so that divid- 
ing 2160 by 2-8, it follows that 771*4 lbs. would be lifted 
1 foot by the amount of force which is made use of in 
raising 1 lb. of water 1°F. in temperature. Such was Mayer's 
calculation; Joule has corrected this result, and fixed the 
amount at 772 lbs. This, the mechanical equivalent of the 
heat, is known as the tmit of heat, as a foot-pound*^ ^SiA^ 
the quantity of heat received by Boluc "WJ^^^csa. ^ ^^«wc^ 
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points of the earth's surface is frequently expressed in these 
units or foot-ix)unds. Joule's equivalent is, in terms of the 
centigrade scale, 1390 foot-pounds for V C. 

The increase in volume of heated air corresponds to the 
diminution during cooling: that which has been heated in a 
confined space parts with its heat when it is allowed to escape 
and expand. Earefied air is chilled during expansion, its 
heat being parted with in the motion of its particles. If the 
weight which the heated air lifted during its expansion 
descends during its cooling and contraction, the amount 
of energy parted with is that of temperature, phi8 that 
due to the impulse given to the particles by the weighft 
Ascent of heated and descent of cooled air, are thus incessant 
and supplemental of each other. If priority is to be claimed 
for either j)hase of the cycle, heating may be regarded as the 
first step, since if the air were uniformly cool, there would 
be no cause of disturbance. The replacement of warm by 
cold air is not always efiected by two equal parallel move- 
ments. If a heated chamber is opened, the expanded air 
rushes out, is checked, and chilled; there is a reflux of cold 
air, and thus a successiun of pulses occur before equilibrium 
is estiiblished between the air within and that outside the 
room. The movements are more simple when there is free 
space for the opposite movements. 

271. Analogies of Heat, Light, and Sound. — ^Heat, light, 

and soimd are vibrations of the particles of bodies; and 
these are made manifest to our senses by the movements 
which they impart to the elastic medium between them and 
our organs of sense. Light and heat are both given off by 
the sun, and experiments have been ah-eady referred to which 
show that it is ])ossible to stop the one set of ^dbrations, 
and allow the other to pass. The indci)endence of light and 
heat luis been asserted by Melloni, but it seems now satis- 
factorily demonstrated that the solar spectrum represents a 
series of vibrations of particles or waves, the length of which 
j)ermits them to be sensible to the human eye as colour; that 
the length of tlie waves diminishes from the red to the violet, 
and that beyond these visible rays other waves exist, those 
beyond the violet having too short, those beyond the red 
having too long, a wave length to bo visible to the eye. 
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Finally, the invisible rays beyond the violet are 
powerful to excite chemical action, those beyond 
the red produce heat. The vibratory nature of 
sound is known from the action of the tuning 
fork, of the violin string, or, to take a more 
familiar illustration, the result of drawing the 
teeth of a comb across the edge of a piece 
of paper. The range of sonorous ^dbrations 
capable of being detected by the human ear, 
varies very widely in different individuals, either 
naturally or by practice. The limit of apprecia- 
tion of 'sound is very wide, ranging, according 
to Helmholtz, from 16 to 38,000 vibrations in 
the second, vibrations slower or more rapid than 
these, respectively, being inaudible. But the 
series of audible vibrations is very wide, extend- 
ing over eleven octaves; whereas of the visible 
rays of light, the shortest vibrations are not quite 
half the length of the longest. The analogy 
between these four kinds of vibrations is very in- 
teresting; in strictness, there are only two sets 
of phenomena to compare, light and sound being 
respectively the centres of two series, of the ex- 
tremes of which we are only made conscious by 
their effects. 

It appears from what has been stated that our 
conceptions of external influences on living things 
would be very imperfect, and necessarily erroneous, 
if we considered only those phenomena which are 
capable of direct interpretation by our senses. 
Recalling the wide sphere which at the outset we 
claimed for Physical Geography, it is obvious 
that the student of that science has only done a 
portion of his work when he has estimated the 
effect on living beings of physical features, of 
movements of the earth's crust, or of the circula- 
tion maintained in the atmosphere and the oocan. 

272. Transmission of Light through the 
Atmosphere. — light travels at - the rate of 
192;000 miles a seoondi as inioin^ ixom Oc^ 
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8oi*vation3 on the occtiltation of Jupiter^a satellites; or 
184,000 miles according to the most recent experiments. 
Their obscuration appears to occur about a quarter of 
an hour (16m. 26s.) later when the earth Ib at the oppo* 
site side of its elliptic orbit from the planet, than when 
it is at the nearest point of that orbit to the planet; 
and as the diameter of the orbit is about 190,000,000 of 
miles, the light of the occulted body takes 15 or 16 minutes 
to traverse that distance. But tins speed is liable to be 
modified by the density of the atmosphere. By the nndola- 
toiy theory, according to which the vibrations of the lumin- 
ous particles of a body are communicated to the elastic ether, 
the titinsmission would be more rapid the denser the medium; 
by the theory of emission, according to which luminous 
])article3 infinitely minute pass from the source of light to 
the eye, increased density would retard the light. Practically, 
the results are the same whatever theory be adopted, since, 
as Sir John Herschel points out, the extreme difference be- 
tween the calculations on one or other theoiy in an extreme 
case he puts, amounts to aoKq of a second. 

278. Transparency and Colour of Atmosphera — ^Trusting 

to the evidence of our senses, we should regard the air as 
normally pure, just as we are accustomed to consider it as un- 
changing. But the pure binary mixture of oxygen and nitro- 
gen scarcely exists out of the laboratory. The air may be 
clear, yet instruments of ordinary delicacy will demonstrate 
the abundant presence of impurities. Tyndall had great diffi- 
culty in procuring optically pure air for his experiments, and 
only obtained it by sifting out the inorganic and burning the 
organic particles which floated in it. The sunbeam that 
traces a line of light from sky to earth demonstrates, by 
becoming visible, the presence of substances which diffuse the 
light. Aqueous vapour is present even in the clearest air, 
so that clearness is not an index of dryness. Absolutely pure 
air, as pbtained in tubes from which all the floating particles 
have been removed, or as seen in stellar space, is colourless, 
a dark appearance being due to the absence of anything by 
which light might be diffused. Great variety of colour is 
afforded by the play of sunlight on dust and vapour: blue ia 
the most frequent; its cause — vapour — ^being the most abun- 
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dant. The purples, reds, and violets of autumn sunsets are 
doubtless due to the same source ; but this whole question of 
the colours of the sky is one of great difficulty, and is yet 
far from being decided. 

274. BefrMtion; Absorption. — A ray of light entering 
air does not travel directly through it : its course becomes 
bent in such a way that the rays from an object below the 
horizon, which should pass tangentially to the earth's sur- 
face, become deflected and reach the earth. Now, as the 
eye necessarily estimates the direction of a whole ray from 
the direction of that last portion of it which enters tibe eye, 
as if it were in a straight line from an object above the hori- 
zon, the sun, or other luminous body, appears to be above 
the horizon before or after it ia so. The refractive power of 
the air, water being taken as 1, is *00058971, both substances 
being examined at 0°C., and under 29*92 inches of mercury. 
The amount of refraction depends on the condition of the air 
as regards density and humidity, being greatest when the air 
is most humid. 

275. Twilight. — ^To refraction, coupled with the difiusive 
or reflecting power of the particles in the atmosphere^ we 
owe the phenomena of twilights 




In this figure, which represents a section of the earth seen 
from the North Pole, R being east, S west, H P is the 
horizon line of an observer at N : when the sun is above 
that line the atmospheric segment H A D O receiveal^&& 
direct rays; when the sun declmea to Ifi., ^^^ ^as^K:^*T«:|^^'^^eQ;:^s^ 
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iiato ADO 971, but by refraction a part of the atmofipliere t6 
tlio left of the line A C still receives direct light, while the 
ronminder of the space H A C N will receive the light 
ilitruscd fi'om the aqueous and other particles in the directly 
illuminated atmosphere. Imagining the sun to be rising in 
place of setting, the phenomena of dawn are of the same 
kind The twilight ends when the sun sinks to 18% or at 
the utmost 21° below the horizon ; but the afterglow of the 
clear Nubian atmosphere is a secondary reflection from the 
dLiliised light of a twilight; thus, if when the sun is at K, 
tlio twilight is bounded by the line A C, the afterglow may 
be seen along the line H N, or even further to the east. 

276. Absorption: Diminution of Light by Distance. — 

Light travelling through space, and diverging as it proceeds, 
i]npai*ts to successive objects of equal stipei-flcial area an 
u mount which is inverse to the square of the distance ; thus 
a surface which receives, at the distance of a yard, a certain 
amount of light, will receive farther off, at the distance of two 
yanls, a fourth of that amount; at three yards one-ninth, 
and so on. But this dimiuution of intensity, which may be 
accelerated by the intervention of solid or refractive particles, 
as when mist or dust blocks the way of the light, is entirely 
different in its results from that absoq>tion by which certain 
rays are an-cstod, and cease to give outward signs of their 
existence. The solar spectrum, which ranges from violet to 
i*ed, consists, as has been said, of vibi*ations of unequal 
lengths. If the yellow flame of common salt is placed in the 
tmck of the sunbeam undergoing analysis, the yellow of the 
si>cctrum will show dark lines, the absorption bands, which 
represent the an*est by the sodium flame of those beams to 
which it gives rise itself : yellow inteixjepts yellow. A red 
object appears black in every beam except i-ed. As white 
light rc])resents the sum of unequal vibiutions of the lumini- 
ferous ether, absorption means the transfer of the motion of 
the ether to the particles of a body; but these particles must 
vibrato in the same time ; absorption means, thei-eforo, coin- 
cidence of vibrations. It would l>e beyond the scoi)e of this 
volume to discuss this subject fully, so that its physiological 
beaiing should be fully explained. But the point which the 
foregoing i-cmarks may induce the student to investigate for 
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bimself is, tbat as the rays of the solar spectrum have very 
different influences on vitality, the condition of the atmo- 
sphere may from time to time change, and thus exert an 
influence on organic beings, while the sources of that influ- 
ence can only be revealed by instrumental investigations. 

277. Polarization. — Light which enters any transparent 
body vertically to its surface, passes directly through; but if 
it enters obliquely, the parts of the ray are successively 
retarded, so that the light has an oblique course through 
the body, emerging at the opposite surface of a body with 
parallel planes at the same angle which the ray had before 
entering ; emerging at the opposite surface of a triangular 
prism at an equal and opposite angle to that of entiance. 
But a body may have its jmrticles so arranged that light 
passes more readily in one direction than in another. Tlie 
whole beam is refracted in water as a single beam ; but in 
ice there are two planes of refraction, the one perpendicular, 
the other parallel to the freezing plane. In ice, and in Ice- 
land spar, there is double refraction, and the light of the two 
i*ays which result from this property has different properties 
in each ray. The angle of refraction varies for different 
substances ; it is also obviously unequal for the two parts of 
the same beam in the case of double refraction. The light 
now consists of two parts, each of which can only be trans- 
mitted through another mass of the same substance in exactly 
the same direction ; if the planes are altered, that particular 
ray is arrested. The same property is conferred by reflection 
from an ordinary reflecting surface, as of a mirror. In these 
cases the extraordinary ray, as that one is called which 
rotates rotmd the ordinary ray as round a fixed point when 
the spar is made to revolve, is composed of vibrations of the 
ether, which take place in one plane only. But certain 
crystals, as of quartz, have the power of making the vibra- 
tions move in a circle, and as die component rays of light 
have different velocities, the result is that a spectrum is 
formed by the separation of these raya The details of the 
mechanism by which these facts are ascertained belong to 
the domain of Physics. A beam of light, then, falling on a 
crystal is partly reflected, partly refracted. As the angle of 
ref i-action is fixed for every substance, while that of re6»:^^^ 
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depcnds upon that of incidence, the beam of light must be 
sbifte<l from a position jterpendicular to the face of the cxp- 
tal towards one of parallelism, till the plane of reflection is 
at right angles to the plane of refraction ; the angle of the 
incident beam is then the angle of polarization. 

278. Polarization of the Atmosphere. — ^This angle for 

air is 45° 0' 32". The neutral points are certain spots at 
which no polarization takes place. Their positions are, " for 
Arago's point Id'' 30' above the antisolar point when the son 
is on the horizon; but if the 8\m is 11^ or 12^ above the 
horizon, and the antisolar consequently as much below it, 
the neutral point is on the horizon, or 11° or 12^ above the 
antisolar point." After sunset, the maximum distance of 
tho neutral point is 25^ Babinet's point is ''as much above 
the sun as Arago's is above the antisolar point." Brewster^s 
point is between the sun and the horizon. The changes in 
the polarization of the atmosj)here arc due to fogs, mist, and 
ice crystals. The influence of atmosi)heric moisture is im- 
perfectly known, and the relations of vapour of water still 
loss so ; but it is probable that in the determination of these, 
meteorology will And invaluable aid for those prognostica- 
tions which are its most important practical application. 

279. Transmission of Sound. — By experiment it has been 
shown that rays of heat, capable of inflaming bodies upon 
which they are concentrated, may be transmitted through an 
atmosphere at the froezing point; the ether, whose vibrations 
are translated into heat, is thus distinct from the atmosphere. 
But the'vibrations of sound are dependent on the existence of 
atmosphere. The enoimous range of the appreciable sounds 
has already been referred to as extending from 16 to 38,000 

vibi-ations per second. In a previous paragraph (Art. 80), 
a wave was described as consisting of a condensation and 
rarcfiiction; thus the movements of a tuning fork alternately 
compress and exjmnd the air in contact with it, and these 
movements ai-o transmitted to other portions of air; but while 
tho pulse is thus propagated, the individual particles of the 
air move very slightly to and fi-o. The transmission of the 
wave takes place in air at the freezing temperature at the 
rate of 1090 feet per second. But temperature affects the 
velocity very importantly, as the following table shows, from 
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which it appears that the velocity increases about two feet 
per second for every V of iacreased temperature : — 

Tempentnre of Air. Velocity of Sound. 

0-5'*C. 1089 

210» 1091 

8-5' 1109 

12-0' 1113 

26 -e* 1140 

280. Intensity of Sound. — The intensity of a sound 
depends on the character of the atmosphere in which it 
onginates, not of that through which it travels. A cannon 
fired on the summit of a high hill may be inaudible in the 
valley, while, if fired in the valley, it would be distinctly 
heard on the summit: in the one case the initial intensity is 
less, the air being rarefied; in the other it is greater, the air 
being denser. But this does not afiect the law of the dimi- 
nution of intensity, which is, as in the case of light, propor- 
tional to the square of the distance. 

The rate of transmission of sounds varies in different sub- 
stances, the variation being determined by the relation of 
their elasticity to their density. Mertheim found that sound 
was transmitted by the water of the Seine — 

Temperatnre IS'^C, at the rate of ^4714 feet per second. 
Temperature 30''C., at the rate of 5013 feet per second. 
Temperature SO'^C, at the rate of 6057 feet per second. 

Through gases the rate varies widely, being 858 feet per 
second for carbonic axnd, and 4164 for hydrogen. In soUds, 
the rate varies with the elasticity and the temperature of 
the body. The following are taken from a table quoted by 
Tyndall :— 

Velocity. 

•t20'O. atlOO'C. •tSOO'C. 

Lead, 4,030 3,951 

Copper, 11,666 10,802 9,690 

Steel Wire (EDgliflh), . 16,470 17,201 16,394 

Cast Steel, 16,357 16,153 15,709 

Iron Wire, 16,130 16,728 

Iron, 16,822 17,386 16,483 

It appears that while increase of temperature diminishes 
the transmissive power of some metals, as copper, that of 
iron is increased up to a certain point; and the above taUe 
has been quoted for the purpose <^ suggesting the diffioultieia 
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in the way of estimating the velocify of aabtemnean soandii 
In an interesting series of experiments on the transmisnoa 
of sounds througli cUfTerent kinds of rock, Mr. Mallett found 
that much broken rock impaired the velocity very consida^ 
ahly, and tliat heterogeneous sti-ucture, as of granite, has 
tlic same effect. These results are in accordance with the 
Hiniilar fact, that whereas sound traveU along the fibre of 
the wood of a tree at the rate of 15,314 feet, its speed across 
the rings is only 4567. It is possible, therefore, that the 
ohserveil velocity of tlie earthquake noise may be true onlj 
for two directions, and that a different conclusion might be 
drawn from observations made on the progress of the sound 
at ri^^ht angles to them. 

281. Sounds more Intense by Night — Sounds are more 
intense, and heard at a greater distance, by night than by 
day. This is not relative, other sounds being less by nig^t, 
foi<, in reality, there is more sound audible than by day, hut 
absohite, the cooler air being more uniform, and permitting 
more of the sound waves to travel directs 

28SL Beft'action of Sound. — Sound, like light, may he 
concentrated by a lens, the lens being a spherical mass of 
air enclosed in a highly elastic substance, as collrMJion. Hie 
divergent ^'ibrations thus made to converge ha\^ the effect 
of rendering sotmds audible at a distance by increasing tlie 
numl>er of vibrations in a given space. 

283. Reflection of Sound. — Again, like light, sound may 
bo concentrated by reflection from a concave surface, and the 
focal length of the sound min'or accurately determined. The 
phenomena of echoes aro ilhistrations of reflection, the multi- 
] plication of the surfaces multiplying tho rei>etitions, as tlie 
facets of a prism multiply tho reflected images. 

284. Besonanca — But the reflection of sound from a solid 
body is distinct from resonance, which is the intensifying of 
a sound by tho synchi-onous vibrations of a mass of air, which 
thus multiplies the vibrations, or rather multiplies the points 
whence they proceed. Echoes proceed from concave surfaces, 
which may bo resonant only to sounds of a particular pitch! 
It is to resonance that tho thunder-like sound of a gim fired in 
a narrow valley is due, whilo the sound may be reflected only 
fi-oiu one or two |K>ints. 
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285. Transmission of Heat. — Air in contact with a warm 

body haa its temperature raised by conduction or convection. 
In the former case, the heat radiated from the body, or, in 
the language of the mechanical theory, the motion of its 
particles transmitted to those of the air, is passed on through 
the air by each particle imparting movement to the next. 
Convection is the transfer of this motion, not by single 
particles, but by groups of particles : masses of air move 
upwards, other masses take their place, till the loss of motion 
by the radiating body is equal to the gain by the air. Equi- 
librium and rest are then arrived at. But this equilibrium 
would not exist were the air perfectly diy and perfectly pure; 
the body would cool by radiation into space; tiie heat would 
be thus lost, but the air would receive none of it. The air 
is therefore in theory neutral to heat rays, it neither absorbs 
nor i*adiates. But, as a matter of fact, since it is never pure, 
it both absorbs and radiates; and, as has been already said, 
stops 10 per cent, of the terrestrial radiation within 10 feet 
of the earth. Conduction and convection, therefore, are 
phenomena of air which is not chemically pure. 

286. Reflection of Heat : its Diminution by Distanca — 
In these two particulars the analogy of heat and light is 
complete, since the heat or calorific rays may be concentrated 
by apparatus of the same character as is employed in the 
case of light; and the ratio of diminution is likewise inverse 
to the square of the distance. 
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287. Movements of Atmosphere : Influence of Eartli's 

Rotation. — Ah tlio air forms a layer round the globe, and as 
it is j)nicticiilly a fluid, the movement of the globe within 
til is j:>i)liere nocos«nrily involves movement likewise of tbe 
iiuosting atniosiiliei'e. The globe, rotating on its own a3ds 
fi'oni \v(»at to east, and nibbing against the lowest portion of 
tli(} atniosphoiT, Rc^ts the whole superjacent mass moving in 
th«> samo direction. 

] >ut nH the sectional ai*ca of the globe diminishes towanU 
the ])()lcs, it follows that the movement of the air diminishes 
in ra[)idity as we approach the poles. That is to say, the space 
wliich the air hiis to travel at 30^ of latitude is less than that 
wliicli the air at the equator has to travel ; thus the air at 
tlio 15 til parallel of latitude has to travel through 869 miles 
in an hour, while air at 30'' N. lat. passes through 450 miles 
iu i\ui Kaino tLiiic. A.s, thcrefoi'o, the amount of space to he 
]>a.s.s^Hl through diminishes as the latitude increases, and as 
caoli particle of air has the velocity of the point of earth 
with wliich it is in contact, if by any disturbance a particle of 
air is sent towards the pole, or towards the equator, it lapses, 
on the one hand into an area of slower, on the other hand 
into an area of more rapid, movement. Suppose that a par- 
tible of air having an eastward movement, at the rate proper 
to tlie 4 5 til degree of latitude, is directed towards the pole, 
it will move eastwards mon> i-apidly than the points of the 
c^artli over which it passes, and hence it will appear to have 
a nK)li«>n very nearly eastward. If, on the other hand, it 
luovoH towards the ecjuator, its rate will be less than that of 
the regions into which it enters, and it will thus appear to 
have a westward direction; it lags, so to speak, behind the 
ma.s3 f)f the earth. 

288. Theories regarding the Causes of Ourrents: Hadley 

and Maury. — It has been nssumc<l that the two influences 
under wliieh the circulation of the currents of the atmosphere 
take place are heat and the rotiition of the earth, heat being 
the primary originator of its cun-onts ; and Hadle3r's theory 
n3soi*ts, (1) that the trade winds which move from the poles 
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towards the equator, and the counter trades which move from 
the equator towards the poles, are due to the relatively high 
tenipei-ature of equatorial regions as compared with that of 
polar regions; (2) that the westward tendency of the trades, 
luid the eastward direction of the counter trades, are due to 
the rotiition of the earth. This is the commonly asserted 
doctrine, and in accordance with it the course of currents in 
the jitmosphei'e is stated to be after the following order : — 
1. The over-heated air at the equator rises vertically into the 
atinosi>hcre, and spreads itself towards either pole, while the 
coKler, and therefore heavier, air from the north travels 
towaixls the equator to take its place. 2. The upper stratum 
of air, when it reaches about the 35th parallel of latitude, 
has parted with its excess of heat, and descends towards the 
suiface of the earth. 3. Part returns again towards the 
equator, and part passes on towards the pole, forming the 
south-westerly winds of high latitudes. Maiuy fui*ther 
imagines that the air, having again reached the equator, 
becomes heated, but does not part with its onward move- 
ment, and, m fact, continues its progress across the line to 
one or other pole, as the case may be, whence it again returns 
in the same undulating line and completes the surface of tho 
globe, the cuiTcnts thus pictured forming a series of figures 
of light, the nodes of which, or the points where the current 
meet tlie surfjice of the earth, constituting the three bands of 
calms — the equatorial, and those of Cancer and Capricorn. 

289. ObjectionB to these Views. — Several objections must 
be taken to this view : in the first place, the regions of 
calms and variable winds do not form continuous zones all 
round tlie earth : thev are like the dead waters of the Sai'- 
gris.so Sea in tlie Atlantic, and of its counterpart in other 
oceans, limited in dimensions, and do not touch the land on 
either side. Tn the second place, if excess of heat were the 
determining cause of the atmospheric movements, the north- 
easterly trades of the Atlantic would be converted into west 
winds blowing across the continent of Africa, since the in- 
terior of that continent has a temperature at times 27° higher 
than that over the Atlantic ; for while air in contact with 
tho soA at the equator seldom exceeds 27-7° C. (82*^ R), aa 
much as 544° C. (130° F.) kM been. xecotd'ei^m^JcL^ \s^^fc>^^^x 
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of Africa. Agj\in, westerly wiuda blow in the polar regions 
both ill winter iind in summer, although at the one season 
the ocean area, at the other the land area, is the warmer. 
Kfitlier can the i-otation of the earth be admitted to influence 
to any gi'cat de^jree tlio movements of the air cuiTents; be- 
cause we find that the air actually travels from, north-west 
to south-east, or from south-east to north west in the northern 
hemisphere; and from south-west, or from north-east, in the 
south em hemisphere, beyond the 45th paiiille], although 
these directions ai*e contiury to what should take place ac- 
cording to tlieoiy, being polar not equatoiial ; and it is certain 
that the air ftC(|uii'os dii-ectly the motion of the earth at the 
] >oint witli which it comes in contact. It seems more probable 
that the movements of the atmosphere are, as a whole, from 
west to east, and that the vaiiations from this domiuaut 
direction are local in tlieir origin, and are tlie counterpart of 
the movements which take place in the ocean. 

290. Constant Westerly Current at High Altitudes.— 

It lias been frequently obijen'eil that ashes from tropical 
volcanoes tmvel to windward^ contrary to the direction of the 
st(uidy easterly and noi-th-eiusterly winds, and that they have 
be(;ji tlius tmnsported for hundre<ls of miles. Fi-equent 
r>bycrvations have been recorded ot the upper clouds travel- 
ling eastwanls, contrary to the movements of the lower 
strata : and the observations of many tiuvellers coincide with 
those of Pj'ofessor Sm}'th on Teneriffe, to the effect tlrnt strong 
westerly winds pi-evail at high altitudes, while easterly wintls 
are tmvelling along the surface of the earth. So far, there- 
fore, as these observations go, there seems no reason for 
douljting that the npi>er current has a westerly movement in 
high altitudes, and that that movement is for the most part a 
very nipid one. In the higher latitudes, botli north and 
Fumth, westerly winds prevail, and these are subject, as they 
approach lower latitudes, to various deflections, which are tliie 
countt^rpai-t of those observed in the case of the easterly drift 
of the Antarctic Ocean. 

291. Winds of the Atlantic Basin : NE. Trades.— For 

the most convenient description of the various winds which 
])redominate at diflferent points of tlie earth's surfEuie, it will 
1>e best to follow the same geographical amngement as was 
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adopted in the case of the ocean circulation. In the North 
Atlantic, between 1 0° and 25° N. lat., the north-east trade pre- 
vails, the belt thus limited advancing towards or receding 
from the equator according to the seasons, being nearest to 
the equator in January, farthest from it in July. Between 
15° and 20^ the trades blow steadily throughout the year; and 
tliis fact is recognised by navigators, who know this region as 
the heart of the trades. Towards the northern limit of this 
belt the currents have a more northerly direction, and 
towards the American side the westward direction is more 
conspicuous, this variation being due to the influence of 
rotiition. The winds, however, upon the African shores 
are deflected at Cape Verde, and become north-west winds, 
passing southwai'ds towards the Gulf of Guinea. On the 
African continent, easterly and north-easterly winds prevail; 
and under their influence the sand storms of the desert are 
carried out seawards, the red dust being frequently deposited 
upon sliips at considerable distance from land. Harmattan 
is the local name of the north-east wind blowing seawards 
from the Sahara to the south of Cape Verde in the winter 
months, especialjy January and February. The conversion 
of the trades into easterly winds, towards the West Indian 
Islands, renders them important auxiliaries of the equatonal 
current, which sets towards the Gulf of Mexico. On the 
east side of the Atlantic, beyond the limit of the trades, nor- 
therly winds, chiefly north-west, though sometimes also north- 
east, prevail, and influence navigation importantly, since 
homeward-bound vessels, returning from Spain, are obliged to 
go 20° to the west before they can turn northwards, though 
the outward voyage is facilitated by them. 

292. Mediterranean. — The dominant direction of the Medi- 
teiTanean winds is from the north. Local names are given 
to particular winds : thus, the north-west wind of the Gulf of 
Lyons and West Italy is known as the Mistral; the north 
wind of the Adriatic is the Bora; the Gregale is the north- 
east wind which strikes Malta; and the Archipelago is visited 
by the Etesians, or north-east winds of summer; while the 
Tramontana is the winter wind of that region. In the Levant 
the summer wind is from the north-east, that of spring from 
the north-west; and along the north, coaafe ^i Mxv<:».'^'^ 
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easterly wind known as a Lovanter is tolerably steady. The 
Sirocco in a remarkable exception both to the diix^ction and 
the character of these Mediterranean winds. It traTels from 
the south-east, carrying with it the red sand of the desert, 
and, crossing ilalta and Sicily, stnkes upon Italy, produciog 
there very itiniai'kable physical and physiological effects. It 
is hot and damp; the temperature rises as high as 35^0., and 
its severely depi'essing effects are manifest both on animal and 
vegetable life. Its character is consequent upon the elevation 
of the Sahara into dry land, and there is every reason to 
>)elieve that to its influence may be tmced the shrinking of 
the Italian glaciers upon the southern slopes of the Alps. It 
has been calculated that if the Sahara weit) again laid under 
water, the plains of Lombardy would cease to be the richly 
productive regions we now see them. 

293. Causes of Sirocco: Fohn.— -The sii-occo crosses the 
Alps and becomes the fohn, or south-west wind of Switzerland 
But it has entirely clianged its chai-acter; and as the history 
of this curi-ent illustrates several imj)oi'tant points, it descn'cs 
some attcnition, 11101*0 especially as it is even yet a subject 
of discussion among meteorologists. The N.E. trades in the 
Atlantic recede northwartls duiiug summer, .and the coast 
winds of Africa are at that season fi-equently from the west. 
The noi-th-east winds of the continent are thus impeded in 
tlieir seawai-d progi-ess, even blown back, and forced to find 
an escape to the north as the sirocco over Italy, the solauo 
in Spain. The sirocco blows at all periods of the year, but 
most frequently in spring and autumn; and at these periods 
the Afiican interior receives supplies of air, warm and moist, 
from both coasts, from the Gulf of Guinea, and from the Reil 
Sea, as well as from the Mediterranean. It thus starts with 
a consideniblo quantity of moisture, which is increased as 
its over-heated lower strata pass over the sea. Precipitation 
tikes place in the north of Italy : the wind, however, goes 
t>n, rises over the Alps, and, cooled during expansion, re- 
gains a higher tempemture on the low groimds to the north, 
where it i-esumes its former density. But the temperature 
is not quite so high, since the vapour which it still carried 
over the heights would permit radiation into space, and this 
heat would not be regained by renewed density. 
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294. Transmontane Wind in New Zealand.— The phono 

mena attending its passage over the Alps are exactly parallel 
to those observed in New Zealand, where a north-west wind 
throws down rain or snow on the coast and hill face on which it 
strikes, though this is not always the case, as the precipitation 
sometimes takes place before the land is reach^ On the 
south-west face of the range, the wind descends the valleys with 
heat sufficient to cause floods in the glacier streams by the 
sudden melting of the ice. 

In the northern part of the Atlantic basin, north that is 
to say of 35°, west winds prevail, and the " Roaring Foi*ties," 
about 40° N. lat., are tolerably steady in their direction, 
though in winter they reach the British coasts often with 
very gi-eat violence. The years of greatest loss, by shipwrecks, 
on the west shores of the British islands are tliose in which 
these westerly winds have attained their greatest violence. 
It may be said that generally west winds prevail over Europe, 
and reach as far as fiie Black Sea, to the south of which the 
northern tendency reappears. 

S95. Calms of the Tropic of Cancer. — Over an area 
generally similar to that of the Sargasso Sea, to the north, 
that is to say, of the trades, in 30^ to 35^ W. Ion., there 
is a variable region known to sailors as the Horse Latitudes, 
which lies in an area bounded by northerly winds on the 
east and west; by the west winds to the north; by the 
trades to the soutL The winds in this region may come 
from any point; they may blow with great violence, or may 
be succeeded by calms. This chsmge in the character of 
the winds increases the analogy to the Sargasso Sea, whoso 
shifting position is due to the encroachment of one or 
another current. 

296. Hurricane Region. — ^The hurricane district of the 
West Indies comprises the islands from Barbadoes north- 
westward, even to Mexico, and north-eastwards to about 70** 
W. Ion., and there is reason to believe that their influence 
is felt indirectly upon the shores of Europe. The general 
track of the hurricanes is from a point to the east of Bar- 
badoes, in 10** to 16® N. lat., thence to the west north-west 
as far as Florida, and northward to about 40° N. lat, where 
tliey die out. They are sometimes conViuvvi^ >^v>.v.\s .v\^^ W^^ 
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tlic Gulf of Mexico, but never affect the continent beyond 

the Allegbanies. 

297. North American Winds. — ^The continent consistB of 
a central valley lying between the Rocky Mountains and the 
coast i-angcs, but oi>ou to north and south. The Rocky 
Mountiiiiis cut off well-nigh entirely the westerly winds, and 
a iioi-tliorly direction prevails in the central trough as far 
as about 35^ N. lat. ; south of that the direction is onceas- 
in.^ly from the south- west, though south-east ia frequent at 
the foot of the Rocky Mountains, the wind following the 
curve of the high ground. The winter winds are chiefly from 
the north-west, a (lirection observed even in the Caribbean 
Soa. ^Jlicse cold winds, which blow down the whole American 
valley, l)ecome more and more westerly among the islands, 
whence they pa.ss to n»join the westerly winds of the North 
Atlantic. They are the northers of the Mexican Qulf, the 
counter[>art of which exists on the homomorphio western 
coasts of the Pacific. 

298. South-east Trades. — Tlie south-east trades are very 
steady, and in general stronger than the north-easti Th^ 
o<*cupy a belt, likewise variable in position, between O^and 
25^ S. hit. ; in winter they reach 5*" N. lat. On the African 
coast they are more southerly in direction, and in the Gulf 
of Ciuinca westerly winds prevail, the direction shifting from 
west north- west to west south-west, and calms are of frequent 
occuiTcncc. Tills region of van able wind extends as far as 
3^ W. l(Mi., and the names by which it is known are: Region 
of Equatorial Calms, Region of Variable Calms, Region of 
Variable Winds and Calms, Region of Constant Precipitation, 
Doldrums, or the Riiins of earlier navigators. This region^ 
in fact, con-cs^wnds generally with the triangle left between 
the two roots of the equatorial ocean current, and is thus 
an atmospheric dead-water, in which west winds straggle 
for preilominanco. To the north and south of it the trades 
sometimes coalesce into an east wind, blowing towards the 
Caribbean Sea. On the opposite sides of the S. Atlantic basin, 
opposite tendencies exist, the northerly prevailing on the 
American shore, the southerly prevailing on the African side, 
though these are converted into west winds during winter. On 
the southern continent of Africa, as on the northern, the trades 
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are, as a nile, diatinctly felt. On the American continent con^ 
siderable variations, however, exist; thus, the trade passes up 
the Amazon valley as an east wind, which from July to Janu- 
ary — the dry season — blows with increasing strength ; but in 
the wet season dies down almost to the coast line. In Para- 
guay north-east winds prevail, north-west being rare. But the 
pamperos, farther to the south, are north-west, west, or south- 
west winds, which blow across the pampas, often with great 
and sudden violence. From 40^ S. lat. the westerly circum- 
polar wmds prevail as steady and strong currents which, 
near Cape Horn, form westerly or south-westerly gales. 
Another region of calms exists between 0° and 15° W. Ion., 27^ 
and 37^ S. lat, and represents an ellipse whose position is 
vaiiable, and whose long axis is from north-west to south-east. 
299. Pacific Ocean. — The Pacific Ocean manifests the 
same westerly currents in high latitudes as does the Atlantic. 
The north-east trades form a belt between 0' and 20*^ N. lat. 
The south-east trades range from 0^ to 25° S. lat. The 
north trades are not so steady as those of the Atlantic, and 
both they and the south trades have a more easterly direction. 
The north-east trade, striking upon the Philippine Islands, 
acquires a southerly direction, thus following to some extent 
the course of the Japan current. In the north China seas 
the winds undergo seasonal changes, being south-west in 
summer, and north-east from November to April ; and, to 
complete the resemblance which this region presents to the 
corresponding portion of the American continent, we have 
hurricane regions in which typhoons occur between August 
and October, their position being from 10° to 23° N. lat. 
To the seasonal variations the term monsoon is applied, 
although the phrase is more strictly applicable to the variable 
winds of the Indian Ocean. As in the latter region, the 
south-west monsoon is the wet summer wind, the north-east 
is the dry wind of winter. On the American side, the trade 
winds go farther to the north, and have, as on the coitc- 
sponding shores of Africa, a more northerly direction, even 
acquiring a north-westerly inclination. On the Mexican 
coast, the winter winds are north or north-west, the simimer 
Bouth-west or south-east, but across the open ocean westerly 
winds prevail above 40° of latitude; and between this re^<«s^ 
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and tlic sliifting limits of the trades, a variable region exists^ 
which does not, however, reach the land upon either side. 
In the southern PaciHc Ocean, tlie south trade loses Btrengih 
westward, and among the islands is replaced by irr^ular 
wc>.st4?rly whids. On the Chilian coast, monsoons vary from 
south and south-west in summer to north, commencing in 
March ; and hcix>, as in many other cases, the polar wind is 
dry, the C(]uatorial moist. But, on the Peruvian coast, the 
sinnmer wind is south-west and moist, though heavy fogs 
accompany the rare north winds. In winter, Qio north wind 
blows from the Caiibbean Sea as a papagayo or tehuontepeoer. 

800. Indian Ocean.— The wmds to the north of 12*^8. 
lat. in the Indian Ocean, are alternately from north-east and 
south-west, and are hence known as monsoons, though that 
tei-m is oi-iginally api)lied only to the alternating winds on 
the Arabian coast. The south-east trade blows in winter to 
tho equator; but, in sunnner, its northern limit retreats to 
12"^ S. lat. In whiter, it is more and more easterly towards 
the o(|uator; but, in summer, the ai*ea of 12'' which it has 
deserted, is travei'sed by wuids from the west, north-west^ 
or south-west. Tho ti-ade shifts its southern limit also, 
and thus tlie variable region, the calms of Capricorn, which 
sei)ai'ates it from the constant Antarctic west winds, is 
carried u]) and do>vn. Tliis region is only a patch separated 
from Australia by the winds which blow northwards to feed 
tlie trade, while the African winds again limit to tho west. 
We have here another example of an atmospheric backwater, 
in which the westerly >\'inds struggle to prevail, and the 
weather is thus very iiTCgidar and broken. 

Summer and winter ai*e those of the north and south hemi* 
Kl)heres resi)ectively. 

801. Monsoons. — It is impossible, within the compass of 
this chapter, to make clear the gi-eat irregidarity of the 
movements wldch are comprised under the one phrase, 
monsoons. It is usual to state their character summarily, 
as that of a wind which, from May to September, blows 
from tlie south-west; and from October to April, £rom the 
noi-th-east. But this is only tnie for a few localities, as the 
coast of Arabia. It nu>y be said, in general teims, that tho 
^^'illds north of the Cjuator, from October to April, are 
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northerly, chiefly from the east of north, but even from 
the west of north; and that the winds from May to September 
are more markedly westerly in the oi>en sea. The deflec- 
tions may be grouped according to the coast lines. Thus the 
parallel lines, from Calcutta south-eastwards and from Cutch 
to Cape Comorin, from Calcutta to Ceylon and the west side 
of the Indian Ocean, show parallel movements of the winds. 
On the Malabar and Burmah coasts, the N.E. monsoon, which 
at sea is steady, blows from north-west; the S.W. monsoon 
is from the west, or north of west, on the Malabar coast; it 
blows north-west past Point de Galle, and returns as a south- 
easter to the Coromandel coast, though it is more strictly 
south in the open sea; and again south-west when it blows 
inland at the north end of the bay. The Ked Sea, during 
the N.E. monsoon, i.e., from October to April, is traversed 
by a south-east wind; and from May to September, by a north- 
west. Some of the summer yaiiations are tabulated below. 

N.W., . . . Gulf of Oman. 

S.W. ; R.S.W., . S.E. Coast of Arabia. 

K; N.E., . . EcdSea. 

W.; S.W.; S.E., . Bay of Bengal (west and north). 

W.; N Bay of Bengal (east coast). 

W. ; W. N. W. , . Malabar Coast. 

N.W.; W.N.W., . Cape Comorin. 

N.W., . . . Nilgherries. 

S.W.; W.; N.W., . Off Hooghly. 

The similarity of the movements on parallel coast lines, 
and the remarkable variations in the Bed Sea, indicate the 
power of local geographical conditions as superior to any 
general influence, such as rotation of the earth. 

To the south of the equator, the south-east trade is only 
variable in position, is hot reversed in direction by tho 
seasons; tins is true at least for the area from 12° to 25^ S. 
lat. The seasonal reversal between 0° and 12**, gives during 
winter the eastward movement, which may be regarded as 
the exti*eme deflection of the south-east trade; while in 
summer a westerly wind traverses the ocean, and passes into 
tho Pacific through the island channels. This westerly wind, 
the N.W. monsoon of the South Indian Ocean, is more 
northerly near Madagascar, and even may blow from the 
east of north. The influence of local features is &^\ss. ^L\x^ar 
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trated in the winds of the Mozambique Channel, which blow 
during winter from the south-west, during summer 'from the 
north-east. Now, as the wind blows along the coast of 
Africa from the mouth of the Arabian Gulf oa a north- 
east wind during the months October to April, and as in 
summer the S.E. trade retreats to 12° S. lat., the Mozam- 
bique wind of that season is a prolongation of the N.K 
monsoon of the North Indian Ocean, while the winter wind 
is the deflection of the S.E. trade, which at that season 
blows to the equator. 

802. Monsoons in other Regions. — The word monsoon 
is now used for alternating winds in other regions; and as 
this custom is becoming popular, it woidd, perhaps, be well 
to use the term, in books on Physical Geography, for any 
winds at any locality whose direction shifts with the seasons, 
and which divide the year, however unequally, between 
them. 

Using the term, then, in this wider sense, we have monsoons 
in the China seas, in the Mexican Gulf, on the coasts of 
Africa, and South America. ' 

303. S. American Monsoons. — The N.E. trade reaches 

the north-cast of South America, north of the equator, from 
December to April; but, for the rest of the year, the venda- 
bales, wet westerly or south-westerly winds, alternate with 
Rfnith-easterly winds along the coast. There is here repeated, 
and for exactly the same reason, what happens on the east 
coast of Africa in the Mozambique Channel. The northern 
summer carries the trades to the north, and the S.E. trade 
blows into the Caribbean Sea, while the southern simamer 
brings the N.E. trade nearer the equator. In the Gulf of 
Mexico itself an alternation of the same kind is seen, but 
its periods are not sharply defined; and the north winds 
come down the Mississippi valley, their movements having 
reference to other influences. 

804. Chinese Monsoona — From October to April, tho 
Formosan winds are steady at north-east; and, like the polar 
winds on the American side of the Pacific, they are dry and 
clear. For the rest of the year, with the exception of the 
typhoon months, the wind is from the south-west, and is 
even more southerly at the Philippine Islands. These regular 
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seasonal alternations extend, there is every reason to believe, 
into the interior, the floods of the Yang-tse-Kiang not being 
explicable *by the melting of snow, which does not lie on the 
Thibetan high grounds; so that a wet season, that of the 
southerly or south-westerly monsoon, is the only other source 
of the excessive moisture. 

305. Monsoons of Western N. America. — From June 
till October, or rarely November, the winds are, on the west 
coast of Mexico, from south, south-west, or south-east, and 
are wet, as equatorial winds are for the most part. In winter, 
over the same area, north-westerly winds prevail, and may 
reach even to the equator, if they pass their customary limit 
about 10° N. lat. 

806. Monsoon of Western B. America and B. Africa. — 

The north-west winds, with much moisture, increase in their 
duration as we advance southwaixls on the American coast, 
till in Patagonia westerly winds occupy most part of the 
year ; but these are derived from the westerly winds of high 
latitude, and the alternate preponderance of the northern 
or southern element is recognisable. But the winds on the 
American continent have at once greater obstacles to encoimter 
in the mountain chains, and greater freedom of escape over 
the open Pacific. Hence their movements have much less of 
ixiriodicity than where, as in the Indian Ocean, the space is 
more restiicted. In the South Atlantic, the African coast is 
lower than that of America, while the great projection of 
the northern portion acts more effectually than the similar 
prominence of western North America, in checking the 
movements of the air and forcing the cuiTents more into the 
interior. Hence the African coast is characterised chiefly 
by the frequency of its calms. 

307. Coarse of Atmospheric Currents. — There are two 
starting points from which to trace the winds. According 
to the common notion, the starting point is the trades, which 
are the indraught of cooler air to replace the warmer air 
which ascends over the thermal equator, or line of gixjatest 
heat. This in July reaches as far as 10*^ north of the 
equator, and in January to 2** or 3® south of the equator. 
The ascending ciurent over this region, then, is the starting 
point, whether or not the ezistenoe of thoa^ >MCk5i»^»^Kss^iS^ 
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already rofon'ccl to (Art. 288) is believed in. But, on the 
otlier Land, the region of a steady westerly wind seems a 
much more reliable area to staii; from, than one in which, 
BO far from a vertical circulation being proved, easterly and 
westerly winds struggle, and calms frequently indicate the 
abseiic(i of all motion, while excessive rainfalls likewise tell 
of ar jested motion in the air. Starting, then, with the 
westerly current as consequent on the rotation of the 
earth, we find that it strikes the level of the sea at 40® lat 
N. and 8. Its ju-ogi^css cjistward is aii'ested by the shores 
of the Atlantic and Pacific, But these present veiy unequal 
obstacles. Tho mountain backbone of America is low only 
in the centre. To the north and south it stops almost 
entirely every direct influence from tho west. The eastern 
shores of the Atlantic, on the other hand, consist chiefly 
of low grounds, or of chains which run from east to west, 
and thus present less powerful obstacles to the progress of 
tho current. The wind passing over Europe is deflected by 
the central .mountain chains through gaps in which the 
mistral, the bora, and other noi*th- westerly currents pass, 
while the Ourals and the colder, denser air of north and central 
Asia check its eastward progi-ess, the eastern and western 
direction of the great ninges i)ermitting its free passage as far 
as the western i*am])art of tho Thibetan plateau. From Hay- 
ward's explorations, it appeal's that the winds of eastern 
TurkestiUi arc dominantly from the west, and that there are 
passes through which these winds enter the country to the 
noHh of the Himalayas. But to the south of the sources of 
the Kashgai' river, a mountnin mnge, with peaks of upwards of 
21,000 feet in height, forms a wall which reaches the Hindu 
Kush, and thus gives that southerly direction which Bunies 
records as pi»evalenl in Bokhai^. Thence it may bo foUowcil 
to the south-east, till it enters the low ground south of the 
Himalayas, and descentls the main valleys of the Ganges and 
Indus. Its eastward direction is I'csumed on the east sides 
of the Indian Oce^n, but it divides on the north-east comer 
of Africa, part turns south-westwarda with tho African coast, 
while tho other part follows the hollow of tho Red Sea. 
The S.W. monsoon corresponds in time with the easterly 
monsoon which blows south of the equator. But when 
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the north-westerly monsoon, or more strictly the westerly 
monsoon, blows in the summer of the south hemisphere, the 
N.K monsoon is blowing in the north; the two winds, thero- 
foi-e, intervening between the N.E. monsoon and the S.E. 
trade, ai*e in reality different phases of the same westerly 
wind, which in the narrower Atlantic fails to attain the 
same fetch, and thus blows with less strength in the oi)en 
ocean; in the Indian Ocean, moreover, it has an escape 
through the insular channels. The N.E. monsoon is in 
position the equivalent of the N.E. trade, and thus compar- 
ing this with the two great oceans, the equatorial calm 
and variable region is here greatly enlarged, swinging alter- 
nately to the north and south of the equator through a 
greater range 

The deflections of the trades have still to be accounted for. 
If there is no contimiotis range of mountains across Africa, 
there seems some obstacle sufficient to prevent the European 
winds passing south, and to force them westwirds to join the 
trades, which, however, stai-t farther rorth thxn this soui-ce 
of supply. The air over the land is appealed to as, in defect 
of other more powerful barricades, sufficient to deflect a cur- 
rent. It would appear as if the equatorial belt of westerly 
winds and calms presented such a ca.se; the trades acquire 
increased easting as they approach the equator, and the belt 
shifts with them to north and south. As that belt is one of 
low barometeric pressure, it must be only difference in quality 
of atmosphere which prevents its being torn away and 
absorbed into the ti'ades on either side; the contrary takes 
place in the west of the Atlantic and Pacific oceans, where' 
the trades contribute to the westerly winds which sometimes 
blow in the equatorial calm region. 

The order here indicated is founded on theoretical con- 
siderations, which have not yet met with entire acceptance. 
Into the arguments in support of the arrangement it is 
impossible here to enter. The student will find them dis- 
cussed in Laughton's work already refeired to, and in various 
communications in journals. It is only necessary to say 
further, that, while the primary motion is ascribed to a 
westerly current, and the great majority of the phenomena 
are eamly strung on this theoretical thready tlzL^ «9Q»5&css£r| 
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influence, under certain circumstanoes, of pressure^ and differ* 
encc of tcm})erature, is by no means excluded. 

808. Land and Bea Breezes. — ^Thus the alternate move- 
ment of air to and from the land, by day and night, seems 
duo to the combined influence of increased pressure and 
difference of temperature. The air over the sea receives, as 
the heat increases, a large amoimt of vapour by evaporation, 
and thus acquires greater elasticity than that over the land, 
upon which it thrusts itself. During the night, when evapo- 
ration is checked over the sea, the air, cooled down by radia- 
tion and by diflusion, loses more elasticity than that of the 
land, which thrusts itself out seawanl. A certain a]>2)roach 
to c(|uilibrium between the sea and land air, however, is 
needed ; thus these breezes are not known where iho shores 
arc bare of vegetation, and the temperature of day and night 
are thus very different. The east wind of night on the 
Tapajos as observed by Bates to replace the west wind, 
doubtless comes from the interior, and thus gives a transition 
from the diurnal variation to a seasonal variation, of which 
many examples occur in the monsoon area on a small scale. 

It is again, as in the case of ocean currents, defective 
knowledge or extreme statements which give rise to contro- 
\i)Y6y; and as thei-e is still uncertainty as to the machinery 
of atmospheric circulation, that view has been here adopted 
wliich gives greatest coherence and simplicity to the subject 
The student must bear in mind that it is a question of how 
much influence each agent may fairly be credited with, and 
upon these amounts the most conflicting statements are made. 

809. Velocity of Wind. — The same necessity for reference 
to a flxed standai*d exists in the case of wind, as of heat and 
light; perhaps even greater, since the cii'cumstances under 
wiiich excitement is likely to make the unaided senses worth- 
less guides, are those against which it is most important to 
guird, by learning most accurately every detail of their 
occurrence. Wind gauges of vai*ious kinds are used, and 
these of course give sure results. But in defect of these, it 
is necessary to have a scale commonly intelligible, by reference 
to which the risks of error are diminished. The Beaufort 
scale recognises thirteen grades of movement, which are 
determined by reference to iho speed of a ship or the soils 
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she can safely cany. But it is more common to use a scale 
of seven grades^ — 6, between which the intermediate steps 
are markwi '5, The formulae for calculating the velocity V, 
and pressure P, are P = V* x '005; and V = V200 x P. The 
pressures and velocity are given in the following table, which 
is copied from Buchan, p. 211. 



1 


Prasnre. 


Velocity. 


Ibt. per 
■q. foot. 


miles per 


0-« 
0-0 


hour. 


000 


00 


0*5 


0*25 


71 


10 


100 


Ml 


1-5 


2*25 


21-2 


20 


400 


28-8 


2-5 


0-25 


35-4 


8-0 


0-00 


42-4 


8*5 


12*25 


49-5 


4-0 


16-00 


56-6 


4-5 


20-25 


63-6 


6*0 


25-00 


70-7 


6-5 


80-25 


778 


6-0 


86-00 


84-8 



BEAurOBT's Scale., 



10 

U 
12 



Calm, , . . . 

Light air, . . . 
Light breeze. 

Gentle breeze, . 
Moderate breeze, 

Freah breeze, 

Strong breeze, . 

If oderate gale, . 

Freeh gale. . . 

Strong gale, . . 

Whole gale, . . 

Storm, .... 

Hurricane, . . 



) 



{ 



Juat lulBcient to make steerage 
war. 

With which a ship with ) 1-2 kts. 
all sail set would go in > 8-4 „ 
smooth water. ) 5-0 „ 

I Royals, etc. 
Triple ree&, eta 
Close rtk. A courses 
In which she oould Just bear 
dose-reefed maintopsail and 
reefed foresaiL 

Under storm staysails or trysails. . 
Bare poles. j 



But while, as has been said, the estimated force may be 
exaggerated, the instrumental observation is liable to eri'or, 
both of excess and defect. In every gale gusts may, for a few 
minutes, give a pressure of 80, though the storm is far short 
of a hurricane; and, on the other hand, the instruments do 
not fully record the suddenness which constitutes the chief 
dangers of the revolving storm to sailing ships. 

810. StonnB. — ^Though it may not be easy to say at what 
point a storm begins in temperate regions, where the accele- 
i*ation of the wind is often gradual, the tropical storms are 
abrupt enough to mark them sharply off fi'om the ordinary 
states of the atmosphere. Their suddenness gives them a 
distinct character apart from their rotation, but does not 
afford a basis of classification. We may, perhaps, i*egard 
storms as belonging to two groups. 

1. Those which are accelerations of the prevailing winds, 
whether caused by increase of pressure &x>m behind^ or by 
diminished pressure in front. 

2. Those in which the prevailing direction is altered* 

23 ^ . ^ ^ 
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311. Storms of Acceleration. — ^The hot windsy the siroooo 
and simoom, both southerly, both coming from heated sandy 
doscn^ts, ai-o ]:>erhaps the best examples of winds driven by 
j)ressuro from behind. The gales of the N. Atlantic, of the 
Patagoniau coast, and of other localities where the prevailing 
wind comes in contact with a current of diffei'ent temperature 
and different elastic tension, are due to the sudden diminu- 
tion of pressure by condensation, which is propagated back- 
waixls in one or other current by the steady advance of that 
whicli has after the contact the greater amount of tension. 

312. Tornadoes. — ^The harmattan has already been de- 
scribed (Ai*t. 291); but it remains to add that the southward 
shifting of the theimal equator has probably to do with the 
occasional accelenition of this wind, by the amount of sudden 
])rccipitation which takes place. This certainly seems to be 
tlio case with the tornadoes of West Africa, in which the 
barometer and the direction of the wind are unchanged 
during the height of the storm. 

313. Rotatory Storms. — But difficult as it is to trace the 
origin of storms whose direction is rectilinear, perplexing as 
is tlie effort to fix the relative importance of barometric 
variations, it is still more diflicult to accept, as conclusive, 
any of the exi>lanations hithei-to given of the rotatory storms. 
The meeting of antagonistic air curi*ents, differences of elec- 
tric tension, rotation of the earth on its axis, as well as 
Aariations of atmospheric ])ressure, have been appealed ta 
The facts seem to Ixj: — 1. Tliat the hurricanes of the West 
Indies, the cyclones of the Indian Ocean, the Chinese 
tyj>hoon, stiut from the areas in wliich cun-ents mingle from 
dilfoix'nt directions. 2. The rotation is, in tlie West Indies, 
N. W.S.E.,with tlic sun; in the South Indian Ocean N.E.S.W., 
against the sun, but with the hands of a watch. 3. That 
the centre of the revolving mass is an area of low pressure, 
two inches lower than outflide. 4. Tliat the track of the 
spinil follows the course of the prevailing wind. 6. That 
the barometer foils ])eforo the storm. C. That heavy rainfaU, 
and fi'equently electric displays, accompany the storm. 
7. That when the storm approaches and touches the shoro, 
a storm-wave is hurled on the land with terrible effects. 
The unsettled (^^uestions in meterology are ; Is the baromefcrio 
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depression "before the arrival of the storm the cause, or is it 
an effect like the wave "which precedes a swift steamer? is 
the rainfall a cause here of movements which in other tropi- 
cal localities it does not cause? 

The months in which these storms occnr are given below, 
the West Indian figures being a mean of several years ; 
those for the cyclones the statistics of one year ; while for 
the typhoons the months of greatest frequency are merely 
marked with a star. 

Jan. Feb. Mar. Apr. May. Jan. Jly. Atig. Sepi Oct. Sot. Dec. 
West Indies, 15 2 3 2 15 3 7 285 24 20 5 5 2 
S. Indian Ocean, 10 16 17 10 13 

Typhoon, ♦ ♦ ♦ 

The track of the hurricane has already been described 
(Art. 296). It practically starts along the oblique line formed 
by the northward passage of the S.E. trade. Its parallelism 
to the course of the GuS Stream seems to indicate that both 
are directed in their movements by the trend of the coast- 
line as soon as they are clear of the Mexican Gulf. But 
when a portion of the storm enters the gulf, it there also 
follows the coast line and sweeps round the shores. 

The origin, course, and period of the typhoons are singu- 
larly repetitive of those of the hurricane. Their range in 
latitude is from 10^ to 24^ 

The cyclones are on the northern limit of the S.K trade, 
as it recedes southwards, followed by the N.W. monsoon. 
They start far to the east, near to Java, and travel along the 
margin of the trade, bending towards the south-west near 
Mauritius, the N.W. monsoon there blowing farther south 
than elsewhere, just as the S.E. trade in the Atlantic reaches 
far towards Barbadoes. 

In the North Indian Ocean they start near to the Nicobar 
Islands, and reach to Calcutta or to Madras, for their course 
varies in different years. They are less frequent to the west 
of the Indian peninsula, along whose shores they commonly 
travel. 

These are the principal areas in which revolving storms 
occur as regular periodic events. But in temperate regions 
cyclonic storms sometimea are observed, and of these baro- 
metric variations are probably the effiioieax^ <sd?Qafi^ 
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The Storm Chart of Europe for November 2, 1863, given 
by Buchan, i^age 242, illustrates the relation of the strongest 
-winds to tlio area of minimum barometric pressure, 28*9 
(that of Eui'0])c being on the average 29 '9). The tnck of 
the two Ktonns was from the west of Ireland to the head of 
the Gulf of Finland on the one hand, through Denmark 
towaixls Eiga on the other. As the former of these is the mora 
common for the European storms, and as it is from S.W. 
towards N.E., it is again an example of the prevailing winds 
lixing the coui'se, wliatever may have been the origin of the 
movement. 

314. Velocity of Rotatory Storms.— Two distinct velocities 
muht be kept apart ; that of the wind, which may attain to 
100 miles an hour, shifting round the compass, and that of 
the storm which travels at from 10 to 15 miles an hour — 
though the hurricane of 1866 is said to have approadied 
Bermuda at 30 miles an hour. The storms of Europe travel 
at i-ates varying from 15 to 45 miles an hour, 18 mUes being 
the most common rate; and it is worthy of note that those 
whidi occur in the aiva of westerly wind^, are more rapid 
than those of the trade return currents. The determination 
of velocity is of importance with reference to the transmission 
of stonn warnings. 

315. Area of a Rotatory Storm.— The diameter of the 
I'e volution is vaiiously stated. Many are known to have 
hod a diameter of 50 miles: 100 miles is proved to have been 
the diameter of one. But the extreme breadth assigned, 
1500 miles in some cases, requires strong proof. Budban's 
chart, already i*efeiTcd to, shows that the proximity of two 
distinct storms might have led to their reference to one had 
the intervening ix>ints not been observed ; and apart from 
this, the obuer>'ations on which such wide limits are asserted 
would re<iuire to have been made simultaneously. 

316. Storm Waves. — The centre of a storm is an area of 
low barometer ; but this is not due to centrifugal force, for 
it is certain tluit the movement of the wind is in reality 
voi-ticose. Precii>itation in the centre of coniiicting winds 
gives liso to vortex movemenf, just as water escaping through 
u hole entails secondary whirls in the air above it. This 
sometimes takes place in the tornadoes^ and in the gales 
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formei}, as at the mouth of the La Plata, between the eea 
and the river wmdB. The consequence of precipitation is 
diminution of elasticity; thereafter the vorticose movement 
increases in stran^b, and rises as air is drawn in along the 
ground, for in all these cases the wind is not parallel to the 
ground, but strikes down and is reflected &om it. The 
centre is thus a cup with the mouth downwards, into which 
the water is raised; and when an obstacle occurs, when the 
cup is broken, the water, no longer supported, " holds its way," 
and is thrown down in mass over the land. 

317. Whirlwinds: WaterBpOUta— Every gusty day one 
may see eddies round comers, which illustrate tbe princlf les 
laid down as to tbe movement of wind and water when Uiey 
come against an obstacle. But the phenomena which havo 
now to be considered ore of another kind. They are in tem- 
perate regions usually connected with electric distmbance. 
These local rotatory sterms arc sometimes called tornadoes; 
and etjmologically tbe name is better applied ttii*-" to tho 
usually rectilinear gales of West Africa. Tbe account of 
that of Chatenay, near Pai-ia, in 1839, quoted by Noad, de- 
scribes what is sometimes seen on a small scale on the high 
grounds of north Scotland; the lower part of a thunder- 
cloud swelled downwards and became a conductor between 
the upper clouds and tbe earth. The inverted cone became 
surrounded by dust and light objects, di-awn up to and wheel- 
ing round it; tbe now continuous pillar travelled forward 
for some time, uprooting and twisting everything in its way, 
and finally, the upper half was withdrawn into the clouds, 
while tbe bnse of the pillar sank, a mass of rubbisli, to the 
earth. A. similar description is given of the waterspouts 
whose formation has been observed in the Pacific; and it is 
interesting to note that tbe descent of the cloud-funnel to 
meet the ascending cone of water was preceded by veering 
winds, in the axis of which tbe spout was formed, Palgi-ave 
describes deep circular hollows in tbe Arabian desert which 
were probably formed by Hucb whiriwinds, and in tho Aus- 
tralian deserts similar appearances have been detected. 

818. Dost StonOB: Simoom. — ^The dust storms of India 
consist of a number of whirlwind columns moving together; 
those of Nubia, described by Baker, moy« \n.dK\^a^lSs^^^v& 
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do those of tlie Sahara. The phenomenon may be imitakd 
hy the ascent of a number of adjacent columns of smoke from 
smouldering cotton, the spirals of each pillar and of the 
whole mass being distinct if the air is still. 

The simooms of the Arabian desert,1emd the samicl fartlier 
to the east, seem to belong to this group; they certainly 
differ from the sirocco, inasmuch as their origin is witliiu 
the limits of the desei*t, and local heating of the surface 
seems the only adequate explanation of their origin. 



SECTION nL—ELECTRICITY AND MAGNETISM. 

Terrestrial Magnetism — Magnetic Eqnator — line of no Variation—* 
Annual and Daily VariationB— Intensity — Magnetic Storms- 
Aurora Borealis: Cause of its Light — ^Atmospheric Electricity 
— Diurnal and Annual Changes — Kelation of Electricity to Heat: 
Conductors — Conditions affecting the Amount of Electricity iu 
the Air— Thunderstorms. 

319. Terrestrial Magnetism. — The magnetic needle, when 
suspended horizontally, does not point to the north pole of 
the eai-th, but at Gi^eenwich points between 20® and 21'' 
west of north. This, the north magnetic pole, has its counter- 
part in an antarctic pole, which is correspondingly east of 
the earth's pole. This variation of the needle is not constant 
Tlie pole has shifted since a.d. 1576 from 11® 15' E. to due 
noi-th in 1657, thence to its westward maximum, 24° 27' 18* 
in 1815, from which it is now moving back. 

JBut the change has not been in one plane. If a needle 13 
suspended so that it can swing vertically, it wiU not remain 
horizontal, but its north pole will bo deflected downwaixls at 
an angle of about 68^ to the horizon at Greenwich. Tho 
nearer to the magnetic pole the greater will be the deflection, 
so that at the pole it should bo vertical. The deflection 
diminishes towards tho magnetic equator, and again increases 
in the opposite direction in the southern hemisphere. Now 
tliis dip of the needle has diminished, at London, from 
74® 42' in 1720, to 68® 2', and this indicates a greater distance 
from the pole now than formerly. Taken in connection with 
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tlie variation from east to west, the magnetic pole seems to 
have described a circle round the terrestrial pole from east 
to west, and Mr. R. A. Proctor assigns about 650 years as 
the period of the complete revolutioD. 

The earth is thus a magnetic mass which affects the tieedle 
as any other magnetic mass would; and the student can 
repeat the main features of the phenomena with a magnetic 
bar suspended in a paper globe, while a needle is carried to 
and fro outside. 

320. Magnetic Equator. — Latitudinal bands have been 
described round the globe, passing through the points of 
equal dip. The equator, or line of no dip, is north of the 
equator between the meridian of Greenwich and 180^ W. 
Ion., south of tho equator for the rest of the globe's circum- 
ference. 

321. Line of no Variation. — This line, though not regarded 
as of great importance, is of some interest. From the mag- 
netic pole it passes to the west of Hudson's Bay, thence 
south-east outside of the Antilles, crosses the eastern promi- 
nence of South America to the south magnetic pole ; thence 
crossing the western portion of Australia, it reaches the 
teiTCstrial equator in about 76^ E. Ion., and passes north- 
ward to the magnetic pole. 

322. Annual Variations. — Between the vernal equinost 
and the summer solstice, that is, from April to July, the 
westward variation diminishes ; for the rest of the year it 
returns westward. 

323. Daily Variations. — The needle moves alternately 
eastward and westward towards the sun, whether he is above 
or below the horizon : the maximum of the easterly move- 
ment is reached at 7 a.m., the maximum westerly movement 
at Ih. 10m. P.M., whence it recedes eastward till 10 p.m.; the 
mean deviation for tho day varying through 9' 8". These 
are the mean movements, but they are modified seasonally. 
In summer the extreme range is 13' 27"; in winter the 
mminrnm daily range is 7' 2". In winter the westerly move* 
ment is continuous throughout afternoon and night; in 
summer the eastward movement is continuous from 7 p.m« 
to 7 A.H. 

824. Intensity*— The intenaity ot Viia TSi1aJ!gwiJC^a Vs«ra 
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varies, being at a maximum at the magnetic pole, and ill 
Siberia, for the northern hemisphere; near the magnetic pole 
for tlie southern hemisphere. The points of least intensity 
are near the equator in the middle of the Pacific, and near 
St. Helena in the South Atlantic. 

325. Magnetic Stonns. — ^The needles under observation 
are disturbed from time to time, and as these disturbances 
extend simultaneously over the globe, the influence to which 
they are due is presumably a very widely acting one. The 
relation of the magnetic storms to solar disturbances, indi- 
cated by changes in the form and position of the solar spots, 
has long been matter of observation ; but their coincidence 
with auroral displays is better known. 

326. Aurora Borealis. — At either j)ole a dark arch rises, 
whose plane is at right angles to that of the magnetic 
meridian. Above the dark arch the auroral light is de- 
veloped as a band of light from which long peaks are pro- 
jected to the zenith ^ or else a succession of concentric bands 
of light, separated by dark arches, gives the apj>earance of 
vertical curtains, scon in perspective, even the changing folds 
of the drapery being to appearance recognisabla The horizon 
of the auroras, or the line along which they are most fre- 
quently seen, extends from New York through St Peters- 
burg, cities whose parallels of latitude are 15*^ apart, though 
they are approximately in the same magnetic |>aTallel. 

327. Cause of Auroral Light — Spectroscopic investiga- 
tions, conducted during the Scandinavian Polar Expedition, 
seem to indicate the presence in the atmosphere of iron and 
carbon in a fine state of division, and of snow as scintnbut- 
ing to the character of the auroral light. 

328. Atmospheric Electricity.— Pure air offers little or 
no resistance to the passage of electricity through it: in 
rarefied air the resistance is so diminished that it may be 
looked on as a conductor rather than as an insulator. Hence 
the intensity of electricity increases with height. The elec- 
tricity of the atmosphere is positive, 10,000 observations, 
extending over three years, showing 3-17 per cent, of negative 
indications. In fair weather, Thomson found n^;ativ6 indi- 
cations to precede a change from N.K to a westerly wind. 
And explains it by the accumulation in the auj over any 
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locality towards which winds blow from different points, of 
the earth's electricity, conducted off by trees, eta The con- 
dition of air and earth are then temporarily reversed, and 
the same result might be expected to follow a whirlwind. 

329. Dinmal and Annual Changes. — The intensity of 

the atmospheric electricity varies periodically, increasing from 
June to January and decreasing again to June. The daily 
changes are more marked m winter than in summer. The 
following summary of his observations by Quetelet represents 
also the conclusions drawn from the extended observations 
at Kew: — 

1. The electricity of the air, estimated always at the same height, 
undergoes a diurnal variation, which generally presents two nuuuma 
and two minima. 

2. The maxima and minima vary according to the seasons of the 
year. 

3. The first maximum occurs, in summer, before 8 A.M., in winter 
towards 10 a.m. ; the second maximum occurs, in summer, after 9 p.m., 
in winter towards 6 p.m. The interval of time which separates the 
two minima is therefore more than thirteen hours at the epoch of the 
summer solstice, and eight hours only at the winter solstice. 

4. The minimum of the day is towards 3 A.M. in summer, 1 a.m. 
in winter. 

5. The mean electric state of the day is best represented about 

11 A.M. 

830. Relation of Electricity to Heat: Conductors. — 

Electricity is commonly spoken of as a polar force, as if it 
differed therein from other forces. But the conversion of 
heat into electricity, or, to speak more correctly, the change 
of that motion which appears as heat into that motion which 
appears as electricity, though unknown to us save by its 
results, is manifestly a change either in the transmissive 
power of the pai-ticles in a particular line, or an alteration 
in the line of transmission. The similar relation between 
electricity and magnetism, makes an illustration available 
from diamagnetism. Some bodies, held between the poles 
of a horse-shoe magnet, swing axially, others swing with their 
poles pointing towards those of the magnet. Among the 
diamagnetic substances, or those which placed themselves in 
the line connecting the poles of the magnet, is bismuth, 
l^dall prepared a rod of bismuth powder, made firm by g]imL 
water; and found it possessed the ptoi^etV.'^ ^i ^^ TasJ^\\ssjis» 
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^'hen tlio rod was laterally compressed it became magnetic, 
tbo inolcciilar aggregation apparently oontroUing the direction. 
li(?tweeu heat and electricity there is a remarkable coincidence 
in ])ro])ei'ties, by wLich both are conducted equally by the 
Baino bodies : a good conductor of the one is a good conductor 
of tlio other. 

331. Conditions Affeoting the Amount of Electricity 

in the Air. — The passage of a current is retarded by heat, 
Hocelomtt^d l)y cold: hence the seasonal differences already 
btjited, as w(»ll as those consequent on rarefaction. The amount 
of eleetricity may be said to vaiy with the amount of mois- 
tnri^ in ilie air; but tlie movement of moist air develops no 
eUn'tricity by friction, unless the vapour has already assumed 
th(^ vosirular form; in other words, has undei^one some 
condonsation. Pn^Vmbly the largest amount of electricity is 
(hio to chemical action : evaporation of perfectly pure water 
in still nir devoloi)s none; but when compound solutions 
iu'(» t^vaporated, whiMi, then>fore, chemical combinations are 
ftnined or alt<'nvl, electricity is generated. Hence combiis- 
tion, as a particular ease of chemical combination, is a source 
of «*l«H'(ri('i<y. WIk'U the evaporating compomid is acid, and 
when combustion takes })lace, positive electricity is given 
off; wh(»n i\w solution is alkaline, negative electricity is 
giv(»n. And it is worthy of comparison with the effects of 
l»erfumes on radiation, that the relation is reversed by the 
)>resenco of vapour of turpentine in the discbarge pipe through 
which steam issues. 

As pure air is as little i-etentive of electricity as of heat, 
the accumulation of electricity in it can only be in proportion 
to that of Kubstiinces capable of retaining it, chiefly water. 
]>ut mere moisture is not sufficient; the same quantity of 
water at diflerent degrees of tempemture occupies different 
cubic space in the air, and the electric intensity is in propor- 
tion to the density; hence the contrast in winter and summer, 
in the heat of day and the cold of dewfall. 

832. Thunderstorms. — The formation of every cloud is 
therefore the accumulation of electricity; but if the formation 
is slow, equilibrium is maintained by the escape of a portion. 
But if large masses of vapour are suddenly accumulated, and 
if these are in opposite electric states, a spark passes between 
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them, dud tliis is continiied till equilibnum is established. 
The reaocumulation may be very rapid, as in summer even- 
ings, when the flashes continue for moi-e than an hour from, 
at least apparently, the same cloud. Forked lightning is duo 
to the breaking up of the flash by unequal conductivity of 
diflferent atmospheric layei*s; this very frequently occurs 
when the spark passes between cloud and earth, though it 
also occurs when the spark passes from cloud to cloud. 
Sheet-lightning and silent lightning are probably the reflec- 
tion on the clouds of thunderstorms at variable distances, 
beyond or just within the limits at .which the thimder or its 
echo may be heard. Thunderbolts or fulgurites, the track of 
the flash through the soil, have been artificially produced 
with a large friction machine discharging into salt and 
sand, the vitreous tube tlius formed exactly resembling those 
found in the desert. Whirlwinds and waterspouts have 
already been mentioned, but they must be referred to here 
as the gentler restoration of electrical equilibrium between 
the earth and the atmosphere, than that which takes place 
during a thunderstorm. The report heard after the flash 
is due to the sudden displacement of the air by expansion, 
and the consequent inrush to fill the space; its pro^mgation 
is impeded by the resistance of the air, so that it does not 
travel so far as might be expected from its initial intensity. 
The number of seconds between the flash and the first sound 
of the thunder multiplied by 1090, the average velocity of 
sound through air, gives approximately the distance of the 
thunderstorm, in feet, from the obsei'ver. 
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38Sl Climate and Weather.— Gimate was at first intended 
to express the annual temperature of a place, when tempera- 
ture and latitude were believed to correspond. Additions 
Kave been gradually made to this limited meaning, and now it 
has even lMM*n used* to include food as one of the external 
Condi iioim to which animals are subjected. This is, however, 
too cxtc'jiiliMl a wnse to give to a term for which at present 
no exact (h^finition can 1h^ framed. Climate may be regarded 
OH the general tendency of a district towards mild or severe, 
avcragt^ or extreme, titm|)erature, moisture, atmospheric pres- 
sure. Weather is the variation from time to time in respect 
i»f uU or any of tlieso conditions. A man's constitution is 
a [Popular phrase for his tendencies towards any particular 
kind of disease, and his capacity to endure changes : health 
means his daily departures from, or return to, this condition 
of equilibrium; for it is only in sanitaiy science tliat the 
healta of a diitriot means dis^ise. 

SH M«ttm of Temperature to Latitude.— The alter- 

^fiMi^Mmml^fOeokw. Third Edition, p. i80. 
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nate exposure of the northern and southern hemisphere to 
the sun (Art. 2) destroys the parallelism to the equator of 
the zones of equal solar heat. As a consequence of the obli- 
quity of its axis, the earth at B, which represents the northern 




summer solstice, has the sun above the horizon of any place 
in the northern hemisphere for more than twelve hours; and 
within the Arctic cii'cle, that is, within 23° 27' SCT, the sun 
never sets. As the temperature of a region is in proportion 
(omitting minor modifications) to its exposure to the sun's 
rays, the northern hemisphere receives, in this phase, as much 
more than the average as it receives less than the average in 
the opposite phase D, which shows the southern summer 
solstice. In the intervening positions A and C, the day 
and night are equal all over the earth; and at these times, 
spring and autumn respectively, the vernal and autumnal 
equinoxes, the solar radiation on both hemispheres is equal. 
Climate, therefore, presents for every locality a seasonal 
maximum and minimum. K the hemispheres were identical 
as regards the distribution of land and water, solar and 
terrestrial radiation would balance each other; but the 
northern, the land hemisphere, is more rapidly heated and 
cooled than the southern or water hemisphere. The summer 
and winter temperatures of the former are, therefore, extreme ; 
of the latter, nearer the mean. The following, which shows 
also that the whole earth receives more heat in one half of 
the year than in the other, is Dove's approximate estimate :— 

N. Hemisphere. & HemUphere. Whole Earth 
Temperature for July, 21*6* C. (summer) 12'C. (wmter) 16-7'C, 
„ Jan,, ^'^g. (winter) W^Q, Vj^a^aassex ^V2L^^^> 
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335. Equivalent Periods in Both Hemispheres. — The 

hottest month in tlie N. temperate region is July ; in the sub- 
tropical regions, May and July; near the equator, April and 
August; at the equator, March and September. While, 
tlicrefore, the greatest warmth of the temperate regions, 
nortli and south, is separated by six months from the greatest 
cold, there ai^e, neai*er the equator, two warm seasons. As 
these two hot months correspond to the passage of the sim 
across the equator, it follows that theinterval which separates 
them decreases towards the poles, till at last the summer of 
J uue indicaU^s the time when the sun approaches to verfi- 
cality in tlie northern temperate zone. From this diagram 
the student will recognise the seasonal correspondences, the 
italicised names in the inner circle giving the cold seasons at 
each quadiiiut. 

SuMMETi Solstice. 

June. 

December, 

May. July. 

ApriL August. 

(Vomal (Automnal 

March June Equator. . . , December., , , . September. 

Etiuloox.) Equinox.) 

Fobruary. October. 

January. November. 
June, 
December. 

WiNixR Solstice. 

336. Isothermal, Isotheral, Isocheimal Lines.' — Maps 

have been constructed on which the mean annual temperature * 
of the earth is shown by a series of lines passing through the 
spots which have the same temperatures. But these isother- 
mal lines only give a ^'ery general idea of climate. Thus, 
the mean of St Louis is 12-2^C., of Algiers, 13*2**; but St 
Louis has a summer temperature of 23-8', a winter of O-^"*; 
whercas summer and winter in Algiers sliow 23*3'' and 12-2°; 
it is this range of 23'' in the one case, of IP in the other, 
which characteiises these two places. But St Louis is 7^ 
fiirther north than Algiers; New Orleans is 2° farther south; 
the tcmperatui'cs at the latter place are: mean, 20*5^ C; 
siuumer^ 27 7*^; winter, 13*3^. The mean does not tell of 
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tlie range through 14°, nor does the diflerenco of latitude 
account for the higher mean. 

Fully to realise all the conditions on which the climate of 
a region depends, would require the comparison of daily 
thermometric readings at many points. But the broad facts 
of the distribution of temperature may be gathered from 
isotheral and isocheimal maps on which the lines of equal 
temperature for siunmer and winter, respectively, ai-e recorded, 
or are still more obvious from the quarterly charts.* 

337. Continental and Insular Climates. — The influence 
of sea is well seen by the comparison of localities nearly on 
the same latitude. Thus : — 

Minimam. Koximitni. Diff. Mean. 

(Rio Janeiro, 20*'C. 26rC. OVC, 23X'. 

^ St. Helena, 14-4" 177' 3-3 16 

(Mauritius, 23*8' 27-7' 3 9 25 

} Honolulu, 22-7** 261- 4-1 244 

J Mexico, 12-2' 183' 61 15 

JBatavia, 25-5' 25'5' 255 

jlima, 21"» 25-5' 45 235 

} St. Petersburg, .... -7-2' 161' 233 4*6 

1 Reykjavik, -1*6' 116' 13 6 

} St. Louis, 0-5' 23-8' 18 12 

} Kizeljelgah, E. Turkestan, -17' +3*8' 208 -7 

!Nain, ....... 88' -15' 238 -3-6 

Fort York, Hudson's Bay, 15 5' - 20 o' 36 - 3' 

Sitka, 12-2' 122 61 

Edinburgh, 144' 33' 11 -1 88 

• Tliese examples will serve to illusti-ate the extreme mnge 
of places, even on the shores of continents as compared with 
islands, on the same latitudes. The insular as compared with 
the continental climate is characteiiscd by moderation, in 
consequence of the different specific heat of land and water 
(Art. 75). The isothermal lines show the greatest variations 
of curvature over land surfaces, least over ocean areas. 

888. Inflnenoe of Carrents : East and West Shores.— 

But the Gidf Stream gives a remarkable northward convexity 
of the curves, so that the summer temperatures at sea are 
considerably to the north of their proper latitudinal position, 

* Stttdenfa Atlas c/ PhyHcdl Otof/raphy^ Ma^ "K* vcl^^^K^;. 
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the winter isotlicrm of 5**C. reaching to 58° N. lat. in the 
Atlantic, to 50° N. lat. in the Pacific; on the other hand, it 
descends below 40** N. lat. on the American coast. The 
Arctic current thus indicates its course on the surface. 
Similarly, the summer line of 25^0. in the southern hemi- 
sphere Ls wavy, bending northwards with the prolongations 
of the Antarctic drift. The effect on the land climate is 
not by ludiation, but by the passage of heated air from sea 
to land. Hence the western shores of the N. Atlantic are 
colder than the eastern. The mean annual temperatures of 
the following places show this : — 

Halifax, - - 44" 39' N., 6-2"C. Faroe Mauds, 62* 2* N., 7rC. 
Boston, - - 42° 21' N., 9-6°C. DubUn, - 63* 21' N., 9-6*0. 
Falkland Islands, 62° S., 8-2°C. Port Famine, 63° 21' S., 6 '3*0. 

The third line shows the temperature of corresponding 
southern latitudes. In the S. Atlantic the west shores are 
the warmer, Bio Janeiro having a mean annual of 23^ C, 
Cape Town of 17 -7^ 

But the warm air is accompanied to the land by moisture, 
and this, checking radiation (Art. 265), helps to nifl.int.ftin 
the temi)eratui'e. 

889. Climate of British Isles.— The summer and winter 
temperatures of the British Isles are instructive. Through- 
out the year the source of its higher temperature, the Gulf 
Stream, is indicated by the direction of the isothermal lines, 
which in winter are on the whole parallel to the trend of the 
coasts, in summer run from south of west to north of east. 
In winter, temperatures above 4°C. are found to south and 
west of a line from the Straits of Dover through the Isle of 
Wight, by Bristol, to the Irish Sea. The centre of Ireland 
averages 3'8°C., but the line of 4° embraces a narrow margin 
of the island on the east side, and a very broad tract of the 
south and west. The west coast of Scotland has an average 
of 3-8°C., the rest of Great Britain is 27^ In summer the 
relations are reversed; the highest temperatures are still to 
the south-west, but they now occupy the interior of Britain, 
and the temperature of places to the east is higher than that 
of places to the west on the same parallel of latitude. Hence, 
while the difference of summer and winter temperatures at 
Galw^y is 9% in the valley of the T^ux^es it is 15^ On fi 
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minor scale, therefore, the east part of the area approaches 
the continental character of climate. The difference between 
east and west would be greater, but that a portion of the 
cold water steals down as far as the west of Ireland. 

340. Climate of Lake Regions. — In K America, the 

freezing of the lakes seems to exercise the same influence as 
if they were solid land. The isotherm of 0°C. (January), 
curves to the south of the lake area, as far as it does over 
the arid continent of Asia, whereas in summer it retreats 
within the Arctic circle. The specific heat of water tells 
therefore in summer; but in winter, ice gives the same 
results as an equal mass of land. A similar deflection of the 
0'' line is due to the Baltic Sea. 

341. Influence of Marsh Land. — The depth of water in 

the lakes gives them a beneficial effect in summer, whereas 
the evaporation of the thin layer of water over the swampy 
grounds of Arctic America and Asia has the opposite effect, 
of keeping down the summer temperature, as did the ill- 
drained lands of Britain in former times. 

342. Form of Ground. — ^A moimtain range acts in two 
ways; it forces the air into greater altitudes, refrigeration 
being the consequence; and it condenses the moisture, thus 
diying the wind. If the rarefied air descends on the other 
side it reacquires a part, but only a part, of the heat it had 
on striking the hill range, having lost a portion by radiation. 
But it has also parted with moisture; it offers less impedi- 
ment to radiation, and hence the diurnal range of temperature 
is greater. Thus the Scandinavian chain separates two areas, 
of which the western shows a difference of 18° between the 
summer and winter temperatures, while on the east side the 
difference is 23°. 

343. Decrease of Temperature in Altitude. — It has been 
already stated (Art. 269) that temperature diminishes with 
height, and that the diminution is less rapid, and less regular, 
away from mountains than in air which is in contact with 
earth. Solar radiation is more powerfid at great heights, 
the air being drier, but terrestrial radiation makes up for this, 
and the nocturnal loss of heat powerfully aids the influence 
of rarefaction on the air in depressing the mean temperature. 

344. Influence of Barometrio Pressure. — It appears 
23 ^ 
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that the position of high barometric pressure strongly 
affects the temperaturo of particular regions. Buchan 
tabulates the barometric pressure over Eiux)pe* for several 
seasous of unusual warmth and cold, showing that when 
the pressure in January 1867 gradually diminished from 
30*262 inches in Iceland, to 29*604 inches in Jersey, 
the cold was 3*5° below the average in Orkney, and 1*6 in 
Jersey, the mean temperature of Scotland being as much as 
6*1° below the average of the month. Again, in November 
1867, the pressure in Jersey was 30*278 inches, in Iceland 
29*957 inches, a slight difference, yet the average tempera- 
ture was above that of the monUi by 6*5^ at Paris, 3^ at 
Orkney. Lastly, in December 1860, the barometric slope 
was from 30*7 inches in Siberia, to 29*7 over Britain; and 
the mean temiwrature of eastern Scotland was 15®C. below 
the average on Cliristmas day. The movement of the air was 
along the sloj^es indicated, and these examples abundantly 
strengthen Luchan's appeal for the r^ulation of weather 
telegi'ams, as a cei*tain means of enabling the physician to 
tiike pi'ecautions against dangers to health, as great as the 
dang(;ra to shipping, to avert which storm warnings are 
issued. 

345. Surface Temperatures of Land and Sea.— The 

depth to which daily variations of temperatiu:e are felt 
extends, for the sea, to 100 fathoms in the Indian Ocean, 50 
fathoms in the N. Atlantic, the limit of constant temperature 
being 1700 and 1000 fathoms respectively (Art 75). The 
curve of the snow line has already been stated (Art 207). 
The limit of constant temperature of the soil is 8j)eedily 
ix?ache(l. The soil can heat only by conduction downwards, 
and the imi>cdiments are such that the diurnal changes are 
probably nowhere perceptible beyond four feet. The evapora- 
tion from dilFereut soils has already been mentioned {AM. 
174). The heat of the surface also depends on the character 
of the soil, sand attaining the highest temperature, 70** in S. 
Africa; but the Arabian and N. African mean is 33® to 35**0. 
The more compact die material, the greater may its con- 
ductivity bo in general expected to be; hence the lower 
temperaturo of solid rock than sand. Clays, on the other 

* Handbook, pp. 129 et «f^. 
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hand, are shielded by evaporation from the sun's direct 
rays. 

346. Influence of Vegetation. — Plants protect the soil 

from being highly heated, radiation preventing the accumula- 
tion of heat. On the other hand, the moisture which accom- 
panies vegetation hel]^ to maintain a more equable, and 
therefore a higher mean temperature. 

The importance of forests has already been more than 
once alluded to (Art. 60), and it is only necessary here to 
point out that, as their evaporation increases the rainfall, 
and OH the condensation of moisture liberates a certain 
quantity of heat which became latent on vaporization, the 
direct as well as the indirect influence of vegetation on tem- 
perature is considerable. 

347. Changes of Climate. — The investigation of the 
changes gn the earth's surface has prepared tiie student to 
underatand the influences by which climate may be altered : 

a. Elevation or depression of a coast line may alter the 
direction of currents. 

5. The greater or less height of a mountain chain may 
stop or permit the passage of the winds from one basin into 
another; even the lowering of a pass is of importance, since 
migi-atory birds, though high in air, are found to follow the 
Alpine passes in their southward flight. 

c. The deflection of a warm or cold current, as of the 
Gulf Stream or the Labrador current, would be productive 
of considerable change. 

d. The removal or the increase of vegetation. 

e. The draining of land. 

All these are sources of** slow change, and their occurrence 
is irregular, as the movemc^its on which chiefly they depend 
are not subject to any law,,' so far as is yet known. 

348. Cycles of Climate.--^But the facts mentioned in the 
first chapter regarding the earth's varying distance from the 
sun, and the phenomena of preoesssion and nutation, corre- 
spond to variations in the amount of heat received from the 
sun by different parts of the earth's surface. And as these 
are periodically recurrent, though the intervals may be 
affected by the attraction of other planetary bodies, astrono- 
mical cycles corzespond by their iniUrect ixAxxeua^ \ft <^ to ^^» ^ 
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cycles. Changes of physical geography, modifications of the 
distribution of land and water, may increase or diminish the 
temperature of particular regions, but they are subordinate 
and uncertain influences compared with the astronomical. 

349. Influence of Eccentricity of Earth's Orbit— When 

the eccentricity of the earth's orbit is at the maximum, the 
earth in aphelion would be 8,641,876 miles more distant 
from the sun than now. The two hemispheres would have 
very different temperatures if the winter solstice of one 
happened in aphelion. The northern hemisphere would be 
reduced by 25° C, while the southern hemisphere, the winter 
of wliich occurred in peiihelion, would enjoy a more equable 
climate. In consequence of the great reduction of temperature 
in the north, the thermal equator would be much to Uie south 
of its present position, the north-east trades, representing the 
return of the westerly currents arrested far to the south of 
their present limit, would have greatly increased force, and, 
crossing the earth's equator, would drive the warmer tropical 
waters to the south, so that the equatorial drift would not 
enter the Caribbean Sea. Now, as the temperature of Scot- 
land is 15-5°C. in excess of that proper to its latitude, the 
withdrawal of the Gulf Stream would lower the temperature 
by that amount; and as that current of warm water cairies 
to the north 3234 times the heat which would be conveyed 
by a current of air of the same volume, the cessation of that 
influence, and its transfer, even in a modified form, to the 
Antarctic regions, would be of great importance. But the 
northern summer occurring in perihelion would be, at first 
sight, very warm. It must be remembered that the winter 
cold would cause precipitation to take the form of snow, 
and the summer heat would be largely s]>ent in melting the 
winter's accumulation; but melting leads to evaporation, 
and the fogs thus resulting stop the heat rays from the sun, 
while the snow and ice reflect the heat rays, and, at the same 
time, cool the air by contact A warm summer, therefore, 
ministers to the snow and ice of the pole. The transfer, 
under the influence of the strong N.E. trades, of warm water 
to the south pole, would tend to diminish the ice there, and 
ultimately to remove it. The loss of heat by radiation into 
9poce, which w^nn air at the equator sustains by aso^iding 
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into higher altitudes, must also be taken into account, since 
it diminishes the influence of a warm summer. The reversal 
of the winters, the occun*ence of the northern winter in 
perihelion, would lead to a contrary condition of things; 
and the Gulf Stream woidd then have as much more heating 
power than it at present possesses in northern latitudes, as 
it had less in the case just stated. It follows from the 
relative power of warm water currents, as compared with 
warm air currents, that an equatorial ocean would have 
much greater power in moderating the severity of the polar 
climate. 

350. Influence of Obliquity of Ecliptic. — The maximum 

obliquity of the ecliptic (Art. 1) would, according to Meech's 
calculations, increase the amount of heat received at the pole'b 
by ^y that is, if the thermal days at the equator at present 
ai-e 365-24, and at the pole 151*59, these mmibers would be, 
at the maximum obliquity, 363'51, and 160*04 respectively, 
a diminution of 1*73 in the one case, an increase of 8*45 in 
the other; and this increase of ^ would represent a rise in 
the mean annual temperature of the poles to the extent of 
from 7*5® to 8*5^0., if the polar region were free of ice and 
snow; but the increase of temperature would, in reality, be 
spent in melting part of that ice and snow, the aii' not rising 
above 0°C. The conjunction of extreme eccentricity and 
obliquity with winter in aphelion would be to moderate the 
severity of the climate of that hemisphere whose winter 
occurred in aphelion, and to diminish the ice at the opposite 
pole. But the conjunction of maximum eccentricity and 
minimum obliquity would tend to increase the cold of the 
aphelial winter, and to diminish the warmth of that in 
perihelion. 

851. Coincidence of Extreme Eccentricity and Obliquity. 

— ^The coincidence at remote periods, say 11,700 years ago, 
is not determinable with certainty, nor is the rate of preces- 
sion uniform so far as is known. Mr. Croll gives 11,700, 
33,300, and 61,300 years as periods when the winter solstice 
of the northern hemisphere was in aphelion, the intervals 
being 21,600 and 28,000 years respectively, and to this 
extent, therefore, the statement in Art. 6 must bo modified. 
The further back calculations are carvv^, ^Xva \K3ak ^as^Nssca. 
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become the periods at which phenomena are believed to have 
occurred, the greater the chance of perturbationa having 
interfered with the regularity of the movements. All that 
it ' is proposed in these paragraphs to indicate is that, in 
obedience to laws, the details of whose operations are not 
known with certainty, the position of the earth relatively to 
the sun has changed, and the temperature of the north and 
south hemispheres 1ms varied in correspondence with this 
change. 

352. Geological Evidence of Climatal Cycles.— -Within 

the Arctic circle the remains of plants and animals proper to 
regions now greatly warmer have been found, and, beyond 
tlie limits of existing species, carboniferous fossils prove 
resemblance, even identity, of forms in polar and temperate 
regions. The foregoing paragraphs suggest that these facta 
are explicable by reference to astronomical movements, whoso 
date wo cannot, however, even approximately determine. 
The presence of the elk, rhinoceros, and hippopotamus, in 
Europe, is among the most recent palseontological evidence 
of change of climatal conditions ; while the boulder clay and 
striated rock surfaces bear testimony to a recent period of 
great cold in regions where formerly permian, old red, and 
Cambrian glaciers probably existed. The student will find 
the full discussion of this most interesting problem in Mr. 
CroU's papers in the Header and Philosophical Magazine 
since 1864, and in Sir Charles Lyell's Frinciples, voL i 

853. Inflnence of Geographical Changes.— The position 

of the great masses of land at the poles, or at the equator, is 
an important element in the change of climate. Equatorial 
land wotild part more rapidly with heat into the air, and 
radiation keeps the upper strata of the atmosphere cool, in 
conjimction with rai-efaction. It woidd also diminish the 
area of warm water at the equator, and stop its movement 
toward the poles. An equatorial ocean and polar land is a 
hypothetical case, the conditions of which it is not easy to 
determine; but, supposing that the preponderance of land 
lay at the poles, and that in equatorial and temperate regions 
there were still land masses (and there is no reason for 
believing that land has ever ceased to exist in those regions), 
the arrangements would be presented by which atmospheric 
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knA oceonid drcalation would take place as at present, though 
the details might not be identical. 

854. Weather. — ^The student will have seen that much 
of what has been said regarding temperature might be con- 
sidered as affecting weatiier, not climate, and will therefore 
be prepared to recognise climate as the mean of the weather, 
thus making both terms the symbols of different quantities 
of the same thing. 

855. Deviations from Normal Temperature. — There is 

seldom a regular gradation of temperature from the hottest 
to the coldest months, or the converse. The departures from 
a regular movement are either storms, or periods of heat and 
cold in excess of that proper to the season. Some of these 
deviations recur with i^reat reinilarity, and are due to varia- 
tions in barometric pr^sore, siTch <» hkve been already men- 
tioned, and which are probably determined by equatorial 
disturbances of greater or less are& The deviations observed 
in Scotland, and some of them are also European^ are as 
follows :* — 

Cold, 7-10 FeK , 11-14 Apr. , M4 Maj, 29th Jn.-4th Jy. , 6-11 Aug. , 6-12 Nor. 
Warm, 12-15 Jolj, 12-16 Aug., 8-9 Deo. 

856. Lunar Inflnence. — Popular tradition assigns great 
power to the moon, and the lower temperature, after full 
moon, has been ascribed to lunar heat dispersing clouds and 
increasing terrestrial radiation. What the lunar heat may 
be whidi is arrested in the atmosphere we cannot tell, but 
Zengert has shown, from a large number of observations, 
that changes in the moon's distance are really followed by 
differences of temperature. The preponderance of S. and W. 
winds in the first, and of N. and E. winds in the last half of 
the moon's revolution, is an isolated observation as yet; but 
it is worthy of inquiry whether there are not in truth atmo- 
spheric tides as there are of the ocean, movements not 
identical in kind nor coincident in time with those of the 
sea, but to which some peculiarities in the distribution of 
barometric pressure may be traced. 

857. Weather Prognostics. — ^These belong to the province 
of practical meteorology, at present an empirical branch of 
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science, and likely to remain so till long time or increased 
points of observation shall yield the data on which more 
certain principles shall be established. At present the care- 
ful application of physical laws to data, comparatively scanty, 
has led to conclusions, the general accuracy of which is 
popularly discredited by the dishonest use which ignorance 
and prejudice make of the failures. 
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Hypogene, or Subterranean Changes — Intensity of Forces — Volcanoes 
— Structure of the Cone— Ashes in Sedimentary Deposits — Trans- 
port of Ashes : their Size and Composition — Texture and Com- 
position of Lava — Quantity of Lava poured out — Alteration of 
Cone and Crater : Course of Lava below Ground — Dormant and 
Extinct Volcanoes — Distribution of Volcanoes — Latitudinal Vol- 
canic Chains — Earth(^uakes — Eartliwave Twofold — Form of 
Earthwave — Modification of the Wave Shells — Earthquake 
Wave at Sea — Tests of Direction of Movement — Change of Surface 
— Phenomena accompanying Earthquakes — Area of Disturbance 
— Distribution of Earthquakes — Causes of Volcanoes and Earth- 
quakes — Hypothesis of connection between Sea and Volcanic 
Centres — Vapour and Thermal Springs — Intermission of Geysers 
— Periodicity of Earthquakes and Volcanoes — Secular Move- 
ments of the Earth's Crust. 

858. Hypogene, or Subterranean Changes. — Volcanic 

eruptions, earthquakes, and upward and downward move- 
ments of the earth's crust, may occur apart or in conjunction, 
or may succeed each other so as to suggest that their develop- 
ment is alternative. Their association thus rendera them 
a natural group for systematic description, if it does not 
necessarily indicate their common origin. But the operations 
to which the metamorphism of rock masses is due, whether 
they have been chemically or mechanically altered, or have 
undergone both changes simultaneously or in succession, are 
for the most part without equivalent in degree at the surface 
of the earth, though they may have representatives in kind. 
In the present imperfection of our knowledge regarding the 
chemistry of metamorphism, it is safest to keep that subject 
apart from those previously mentioned, and to disregard to 
some extent the probability of the common origin of all these 
phenomena. 

369. Intensity of Forces. — From the necessarily slow 
changes in a rock imdei^going alteraUou-— ^^sxwsJ^'^^ ^'^isJiiac 
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tioiis of level which are so gradual that even a minute change 
is only detected by comparing the records of generations — ^to 
the earthcjuake which ruins a r^on, and may have its horrors 
intensified by simultaneous volcanic eruption, there is a scale 
of intensity which, if estimated by work done in equal times, 
is in the order of enumeration; but, if tested by iJie total of 
work done, the volcano is dwarfed by the side of the slow 
elevation. 

The volcanic outburst, it must be remembered, is only tho 
last in a long scries of events : it represents the slight excess 
of force in some direction which overthrows the balance and 
sots in motion operations which tend to restore equilibrium. 
Violent as the eruption may be, it is only a symptom; it 
cannot be regarded as more than a very subordinate event, 
and in speculating on the progressive diminution of volcanic 
energy, it is not the outburst but the force of which it is the 
expi'ession, that must engage our attention. Now, the ooour- 
ronco from time to time of violent events is a part of the 
doctrine of uniformity, which means identity in kind, but 
not necessarily in degree, of the processes which have gone 
on at all times of tho earth's history. The degree may have 
varied, so that the intensity is greater now, or was greater 
in the past than now. The amount of energy in the earth 
is undergoing diminution, but at what rate we cannot tell : 
if wo assume that volcanic activity depends on a store of 
materials, or of force which has not been renewed, the dimi- 
nution in amoimt of volcanic activity is a necessary conse- 
quence of the tendency to equilibrium manifested by all 
chemical change. But geology gives no reason for believing 
that there has been less activity in recent times, and furnishes 
evidence that defective observation has exaggerated tho 
intensity of the past, by massing together events which were 
really far apart. On the other hand Uie conflict of opinion 
among competent chemists and physicists, as to the conditions 
of volcanic activity, proves that speculations are far from 
resting on a sufficiently wide induction of facts, and that even 
the chemical elements of the problem are undetermined. 

860. Volcanoes. — ^In such long mountain chains as those 
of America and Central Asia, numerous volcanic peaks occur 
wJiicb were not the cause of .the mountain elevationi and 
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may have been developed at any period before or since Hie 
elevation. The most obvious phenomena connected with 
volcaoio outbursts are the events vhioh take place at and 
near the seat of eruption. The majonty of the orifices by 
which material escapes from the interior of the earth's crust 
open on the summit of elevations of greater or less height. 
Usually the crater of the volcano, as this aperture is de- 
nominated, opens on the top of a conical hill, more or less 
abruptly truncated, and tot the moat part having one aide 
higher than the other, the smooth outlines of the cone coQ- 
tmating with those genemlly preoeDted by ordinary denuded 
hills. The crater gives exit to lava, asbee, steam, sulphuroua 
vapours, idtrogen, hydrogen, and hydrochloric acid. Several 
of these are present in all eruptions, but in very various 
quantities. The lava may be the principal material - in others 
no lava flows out, only ashes are driven forth, or hot wa4«r, 
sulphurous vflpouis, or other gaseous emanations may eacKpa 
alone. Lava pours out of the orifices of the crater, or, as 
Tciy frequently happens, through apertures upon the side of 
the cone ; it fiows out in a stream or coulee, which may not 
descend below the cone, or may travel down to the plain, and 
even— if the quantity of lava is largo — pass for miles over 
the adjacent country. The slope, at first high, as much aa 
30", gradually becomes less as the stream approaches tlio low 
grounds, until it finally terminates, usually with a more or 
less vertical face. This description applies to the typical 
volcano, consisting of a cone, through which passes a single 
supply pipe. But such a simple case is of comparatively 
rare occurrence, the volcano, for the most part, presenting a 
complicated structure, due to the presence of several orifices 
more or less distinct from each other. 

361. Stroctore of the Cane.— The cone, as has been 
Baid, terminates the truncated extremity, and its orifice 
leads into a funnel-shaped cavity, the materials on the sides 
of which slope downwards towards the orifice of the supply 
pipe. The greater height of one side is due to the manner in 
which ft cone is formed j for the volcano is not a mountain 
of elevation, it is in reality a mass which grows at die sum- 
mit. Tolcanic ashes, that is to say, the molten mattec 
which is blown into a coarser or fijiev ^^4!«V3 '0fia^5Stf» -^ 
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the explosions, are thrown upwards, and descending for the 
most part round the orifices, gradually pile up a hill which 
has the same typical form as the heap of sand in the hour- 
glass. If the prevalent winds have any strength, the high 
side of the volcano will be to the leeward, and by repeated 
eruptions the height of the mass may go on steadily increas- 
ing. Its incoherent materials are liable to be suddenly re- 
moved, as has happened in Java, where the cone has suffered 
a diminution of 4000 feet after the close of a series of erup- 
tions. If a long period of quiescence follows, the cone 
becomes affected by atmospheric waste ; its height is slowly 
reduced, and ravines are furrowed out of its sides, so that, as 
Junghuhn said of the Javan cones, they look like umbrellas, 
the ridges representing ribs. 

862. Ashes in Sedimentary Deposits. — ^The ashes, how- 

ever, do not always fall in the immediate vicinity of the 
crater; they may be titinsported to a considerable distance. 
If they fall into the sea, they become incorporated with the 
sedimentary deposits there going on, which thus present 
transitions from the purely volcanic to the purely sedimen- 
tary formations (diagram, p. 25). Again, steam is the almost 
constant accompaniment of eruptions, and, becoming con- 
densed immediately after its ejection, is precipitated upon the 
surface of the volcano, carrying with it the finer ashes, and, 
flowing down towards the lower grounds in a stream of mud, 
is perhaps as destructive as a stream of molten lava. Tliese 
floods, known as moya in South America, form deposits which, 
if presei*ved by subsequent lava flows, offer a close resem- 
bhmce to subaqueous accumulations. 

863. Transport of Ashes. — But the force of the eruption 
may carry the ashes into the air for a considerable distance, 
80 that they may actually pass into the upper stratum, and 
be carried by the steady westerly winds. Thus, in 1815, the 
ashes of Sumbawa were carried to Amboyna, a distance of 
800 miles to the north-cast; the ashes of Cosegoina were 
ciirried to Kingston in Jamaica, a distance of 700 miles, in 
four days; while the ashes of Hecla reached the Shetland 
Islands, transported, however, in this case, by a lower current^ 
to the 8,E. The quantity of this kind of material is various. 
What it may he, however, ia 8ugg<%t»d by the fact that eij^t 
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leagues to the south of Coseguina the ashes formed a layer of 
three feet in thickness; and ashes formed the chief part of 
the material which buried Pompeii and Herculaneum. 

864. Size and Composition of Ashes. — ^The size of the 

ejected material varies very much ; blocks as large as an ox 
have been thi'own out, and, falling upon sedimentary strata 
in course of formation, have sunk into them. The soft layers 
are carried downwards by the weight; new layers, as they are 
laid down, arch over the block, and thus a record is preserved 
of the periods at which eruptions may have occurred. The 
quality of the ashes varies with that of the lava in the same 
eruption ; being,* therefore, siliceous or basic^ as will be imme- 
diately explained 

865. Teztnre of Lava. — ^The lava poured out varies in 
character, being in some cases m«>re tenacious than in others: 
thus, Von Buch describes the lava of 1805 as shooting down 
the cone of Vesuvius, the velocity being probably several 
hundred feet in a few seconds; but, for the most part, it is 
somewhat more viscid. Whether it overflows the lip of tho 
crater, or passes out by lateral orifices on the cone, it parts 
with its haat rapidly from the surlace, and thus becomes 
coated with a dense layer, which graduallv retards its speed. 
The vciiical section of a lava flow shows that the central 
portion of the mass is more compact, while the upper and 
lower surfaces form a layer of scoriae of greater or less thick- 
ness, the included gases expanding as they approach the sur- 
face, and escaping with more or less violence at the upper 
surface, so as to give the coul6e that ragged aspect which is 
preserved in some of the Auvergne outflows as freshly as if 
they had been of yesterday. Rock being a bad conductor, 
the formation of this hardened outer layer diminishes the 
speed of radiation, and thus the heat of the central mass may 
be retained for a considerable time; thus the lava of Jorullo 
retained sufficient heat after eight years to light a cigar a few 
inches below the surface. It is t^is incrusting of the mass 
with a solid covering wluch gives to the termination of the 
coul^ its usually abrupt form. 

366. Composition of Lavas. — Lavas are trachytic, or 
doleritic; contain, that is to say, a larger amount of silica 
on the one hand^ and of th^ L^vi^r ba^lc i^^^j^c^ssot^ ^cs^ 



S02 



PHTSIOAL GEOOBAPHT, 




Trachytef. 


Dolerites. 


66-5 


51*0 


17 


140 


5 


0-2 


40 


3-4 


1-4 


10 


11 


6-5 


3^ 


147 


1-0 


11 



the other. The mean composition of the two types is given 
below : — 

Silica,^ 

Alumina, 

Potash, 

Soda, 

Lime, . 

Mi^esia, 

Oxides of Iron and Manganese, 

Loss by ignition, • • , • 

But though these varieties frequently occur separately, they 
are also met with in combination as a product of the same 
volcano, being either discharged by distinct orifices, or at the 
same orifices at different periods, giving rise to alternate layers 
of the two species. As their specific gravity is different, that 
of trachyte being, on the average, 2*6, while the dolerites 
are nearly 3, it has been suggested that they represent 
different layers of molten material in the interior. But the 
fact of their indiscriminate occurrence makes it more probable 
that the difference is duo rather to the mode of segregation 
from a common mass than to any original differences in the 
source of supply. Similarly, in one and the same coul^ 
vai'icties in the proportions of the ingredients may be found, 
due to the greater or less distinctness of the crystallization, 
or, in other v/ords, to the greater or less pressure to which 
the mass has been subjected; and the differences must bo 
borne in mind, as they help to explain the imequal modifica- 
tion which lava flows have undergone. The scorise resemble 
the slag of a glass furnace, and they may present the appear- 
ance known as ropy, if, by the onward movement of the lava, 
they become twisted and carried forward in curved lines, 
which recall the curves across the suiface of a river or of a 
glacier. By the onward movement the gas bubbles, striving 
to reach the surface, may bo protracted so as to present, not 
spherical, but lenticular, cavities, or even elongated lines, a 
character of use in the more ancient lavas or ti*ap rocks, as 
enabling us to recognise the direction in which the stream 
has moved. 

367. Quantity of Lava at one Eruption.— The total 
quantity ot Java emitted at one eruptian ia very various;; 
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the coulto may never pass beyond the cone, or it may, like 
tliafc of Skaptar Jolcu], Iceland, in 1783, extend over forty- 
five miles, with a varying breadth of Boven to fifteen miles, 
and a depth of one to six hundred feet, a mass which, as 
Lyell calculates, would stretch irom Hampstead to Gloucester. 
The quantities poured out in the older formation often cover 
an enormous area, and to a great thickness. Bnt it is im- 
possible to recognise the portions belonging to indivdual 
outflows, and the position cf the crater is equally beyond our 
knowledge. 

S88. Alteration of Cone and Cnter.— It has been' men- 
tioned that a crater is an incoherent mass consisting wholly 
of ashes, or of lava and ashes interstratified. Such a struo- 
ture is not likely to be permanent, and it is only very rarely 
that we find any trace of the actual crater of volcanoes which 
have, since their formation, been exposed to marine denuda- 
tion. Etna ofiera a grand example of this : the Yal del Bove 
is excavated by atmospheric waste to a depth of 3000 feet, 
eutii-ely out of the softer materials of many outpourings. 
The summit of Arthur Scat, at Ediuburgli, is a fragment of 
a tertiary cone, part of tho ashes being still preserved in 
place 03 they hty round the orifice, which is now filled by a 
plug of basalt. 

369. Course of Lava below Oronnd.— Tlie ancient trap 
roots give us information aa to what may bo called the ana- 
tomy of the volcano. Tho diagi-am (Art 27) sums up that 
anatomy, and shows that between the contempomneous and 
the so-called intrusive moaaes there ia no distinction save 
that of position, and of such textural characters as result 
from greater or less pressui'O, or speed of cooling. Every 
volcano breaks through sedimentary strata; and whether 
the direction of outburat is determined by the ciTort of the 
lava to reach the surface, or the lava takes advantage of 
fissures already created (and both things may have concuned), 
it is certain liat in its upward progress, more especially if 
movement be retarded at the surface by any cause, the 
foi-ce from behind will compel the molten matter to escaps 
in any direotion, wherever a line of weakness exists. It 
would, therefore, tend first to pass between the planes of 
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furtLcr, by joints or fissures across the strata, and, if it acta- 
ally reached the surface, its place of escape would be regarded 
as another lateiul orifice. It is this mechanical tendency to 
take advantage of weak ix>ints which originates the many 
dykes that tm verse the cones of most volcanoes. Denudation 
makes the position of dykes obvious by wearing away the 
sedimentary strata; but the trap itself is sometimes wasted 
so as to leave a parallel-sided gap: the projection in the 
former case, the gap in the latter, correspond to the Scottish 
and Cumbrian sense of the word dyke, respectively. 

370. Dormant and Extinct Volcanoes. — ^We do not^ know 
if any volcano, now quiescent, is extinct in the sense of final 
cessation of i)Ossiblo activity. Probably there is no sucli 
extinction any more than there is reason to believe that a 
volcano cannot bi*eak out at a spot where such an event 
never hapi)ened before. A volcano may bo quiescent for 
centuries, and its dormant state may end in a very violent and 
long-continued period of activity. We cannot even regard 
as proof of extinction an interval of, it may be, many thousand 
years, since, for aught we know, the processes which termi- 
nate in an outbui*st may be going on beneath, but do not 
niiikc themselves manifest, either because the operations are 
slow, or because their tension is relieved in other directions. 
Thus the interval between the carboniferous and the tertiary 
entptions in Scotland was probably gi-eater than that between 
the tcirtiaiy and the present time. 

371. Distribntion of Volcanoes. — The distiibution of 

volcanoes over the surface of the earth at the present time 
I)r(iS('nts a certain kind of system, and lines may be traced 
as mountain cliains have been traced, though in the one and 
in the other case we cannot regaixi these lines as evidences 
of sinuiltancous action at all points. We ought properly to 
look upon them as a series of successive actions, which, occur- 
ring at dilFoi-ent i>erio(ls, have maintained the same general 
direction. The Amoiican continent furnishes the most con- 
tinuoiuj line. The continuity, taken in conjunction with the 
altcniatuig activity of different points, suggests that they are 
situated over a single longitudinal fissure. Commencing at 
the south wo have those of Fuego, the highest of which is 
7000 feet, and the Patagonian volcanoes, situated about 
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54^ south latitude. In the Andes the chain extends from 
43*^ to 30° lat. S., and numbers more than thirty peaks, 
Aconcagua being the highest; those of Bolivia, seven or 
eight in number, from 21^^ to 15^ ; the Quito district, from 
2^ lat. S. to 3® lat. N., includes about twenty peaks, neai'ly 
all above 14,000 feet of elevation. About 9**^ lat. N. the 
volcanoes of Central America, Mexico, and Westei*n America 
commence ; nearly sixty are known, and several are recorded 
whoso history is, however, imperfectly known. The series 
terminates in Mount St. Elias, whose height is about 18,000 
feet. The great Mexican volcano, Jondlo, is 123 miles from 
the nearest ocean, but the rcst present the usual relation of 
most active volcanoes, namely, close proximity to the coast 
line. The West Indian Islands are connected with this 
great north and south line by a line passing from Quito 
through Granada. The West Indian Islands foi-m two 
parallel chains; in the western there ai'e ten volcanoes, 
while the eastern consists chiefly of calcai^eous rock. The 
American line is connected with the Asiatic by a chain 
stretching through the Aleutian Islands, of which more than 
twenty are volcanic, to Kamtschatka, which contains about 
twenty volcanoes. Southwards, the Kurile Islands, twelve 
of which are volcanoes, and the Jai)anese group, with twenty- 
five, form a fringe on the west shores of Asia. In the 
Philippine Islands, with about twenty volcanoes, the chain 
is travei-sed by a very numerous series, passing from tho 
Indian Ocean eastwards to New Guinea, through Sumatm 
and Java, each of which contains about, fifty active or dor- 
mant volcanoes. The line curves away to the south-east of 
New Zealand, and nearly completes a ring round the Pacific. 
Though the general direction of the line thus traced is tole- 
rably continuous, it is probable that detailed enquiry will 
prove the existence of several distinct axes belonging to difie- 
rent periods of activity ; but it is interesting to note that 
the two opposite shores of tho Pacific manifest exactly tho 
same kind of distribution of the volcanic chain. Another 
line has been traced from the boixiers of China westwaixls 
into Asia Minor, and thence by the Mediterranean to the 
Cape Yerde Islands ; but the interruptions of this line pre- 
vent us from regarding it a0 a commoiv axia, \\»Ss^ ^«s?vacisv 
23 ^i 
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tliat Spain and the north-west of Africa form a single vol- 
canic region, while the north-eastern comer of Africa, with 
Arabia, is singularly free from all record even of former 
activity. Isolated volcanoes occur which cannot be asso- 
ciated with any of the i*ecognised lines ; thus, in the North 
Atlantic, Jan Mayen and Iceland are separate centres, though 
they may possibly be connected. Passing southwards, i£e 
Azores, the Cape Verde Islands, the submarine eruptions at 
the equator. Ascension Island and Tristan d'Acunha, form for 
the most part perfectly isolated volcanoes, though two of 
them, the Azores and the Cape Verde group, have been held 
to belong to the Mediterranean axis. St Paul's Island and 
the Mauiitius group are likewise isolated, and other volcanoes 
have been recorded still farther to the south, whose relations, 
however, are absolutely tmknown. The diagram on p. 66 is 
intended to show the deviation of the axial lines among the 
islands of the Pacific. The remai*kable way in which they 
conti-ast with the lines of existing continents is of great in- 
terest in connection with the hypothesis that the Pacific and 
})art of the Indian Ocean were, since the ap2)earance of man 
on the earth, the seat of a continent, that it had been so for 
long ages previously, and that Australia, New Zealand, Tas- 
mania, are the last fi-agmcnts of this changing land sur&ce 
(Art 38). 
372. Latitudinal Volcanic Chains. — The volcanoes 

hitherto spoken of are either on the margins of continents, 
in chains of islands, or isolated in ocean. But the mountain 
lines across Asia ai*e to some extent associated with volcanic 
l>henomena, mud and vapour vents occurring at intervals 
across the continent. But these are most numerous in the 
western area, near the Ponto-Caspian area, and no active 
volcano exists in the interior, far away from a water area. 
The subjoined diagram shows the relations of the leading 
mountain chains to the lines of volcanic activity, enumerated 
in last paragraph. 

873. Earthquakes. — An earthquake is a vibration of the 

earth's crust, a disturbance whose effects are immediately 

appreciable, which is therefore connected with violence. The 

movement of the surface of Vesuvius before an eruption is 

onljr detected by Palmieri's delicate instroments, but it fore- 
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tells and passes into that violent action amid which even 
thunder is unheard. -^ 

374. Earthquake Wave Two-fold. — A shock of some 

kind is communicated to a mass of the earth's cmst; it gives 
rise to two distinct movements: 1. The shock displaces the 
particles relatively to each other, at the point of impact, and 
this displacement tends to travel in a straight line. 2. From 
the point of shock a wave of elastic compression travels for- 
wards at right angles to the line of shock. The latter travels 
more rapidly than the former. In the Calabrian earthquake, 
Mr. Mallet found that the rates were 789 : 13 in feet per 
second. Keverting to the definition of a wave given in Art 
38, the student will see that the transmission of the irave- 
form, each particle returning to its place, must be more 
rapid than the propagation of motion in which each particle 
displaces that which precedes it. Standing on the shore on 
a calm day when steamers are passing at various distances, it 
will be seen that each steamer causes two sets of waves to 
break, the one later than the other, by an interval which is 
directly as the distance of the steamer. The first waves are 
those of elastic compression, which are converted into move- 
ments of translation against the shore; the second^ more 
powerful, are the waves of displacement. 

375. Form of Earth Wave. — An upward blow on the 
earth's crust tends to travel vertically upwards, and this, the 
seismic vertical, produces at the surface a vertical displace- 
ment upwards and downwards; but from the point of shock 
other waves reach the surface at angles wluch gradually 
increase with distance, the tendency to horizontality of the 
consequent movement likewise increasing. Thus, if C is 
at the surface of the ground, the line A B C is the seism io 

4 3 21C1234 

B 
A 

vertical. If B is the point of impulse, lines Bl, B2, B3, 
represent the increasing angles of emergence; the intensity 
of the shock is inverse to the angle, and the tendency to 
horizontality increases till the line of shock is at right angles 
to the verti^. If the disturbed medium were homogeneous, 
i^e points 1 1; 2 2/3 3, which ai'^ the coseismic points^ 
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would be in the circumference of circles; and the angle of 
emergence would be equal all round the seismic verti- 
cal as a centre. The waves would thus form conical shells. 
The deeper the point of shock, as at A, the acuter the 
angle of emergence, Al, A2, etc., to start with, and the 
wider the area over which the concentric shells would extend. 
It is obvious that, though the sensations of an observer 
suggest that the groimd imdulates from the point C out- 
wards, the undulation is in reality made up of a series of 
movements at many consecutive points of the surface, and 
each of these starts independently from A or B. K, there- 
fore, the direction of movement at 1, 2, 3, could be ascer- 
tained, the depth of the point of shock might be calculated. 
This is the substance of Mr. Mallet's teachii^, and the perusal 
of his reports to the British Association will repay the 
student who desires to follow the application of mechanical 
principles to natural phenomena. 

876. Modifications of the Wave Shells.— But the medium 

is not homogenous: it consists of layers of different texture, 
density, and thickness; and as the earth wave, like other 
waves, is due to reflection and refraction, the figure which 
the coseismal points would describe on the surface must 
vary. In the foregoing diagram, the lines lAl, 2A2, repre- 
sent inverted cones, with a circular base on the surface of 
the ground, but by such inequalities of movement as have 
becH suggested, the circle may become an ellipse, or some 
still more irregular figure. A fault line in sedimentary 
strata has its direction altered in passing through layers of 
different density, as the ray of light is deflected in passing 
from air to water; and the earth wave undergoes the same 
change of direction, so that the area at the surface, bounded 
by any set of coseismal points, may be smaller or larger 
than it should be were the angle of emergence, proper to 
the distance of these points from the vertical, at its normal 
value. 

377. Earthquake Wave at Sea. — Though these move- 
ments at sea are not registrable like those on land, it is 
obvious that^ after the earth wave is communicated to the 
water, its behaviour will be more regular in the homogeneoua 
fluid, and the movemeuts already ^roWi^^'^ \scaN^^^Er>i^ 
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floor, and the consequent overflow, in all directions, of the 
water thus elevated; 3, the wave of sound through the 
earth, which may or may not precede that of the shock; 4j 
the wave of sound transmitted through the air or sea; 5, 
the great wave of translation which represents, in the sea, 
the displacement efiected by the emergent movements of land. 

381. Area of Disturbance. — ^The area over which earth- 
quake movements are felt is often considerable; but an uncer- 
tainty prevails when very great distances are alleged to bo 
included under one movement, more especially when sea 
intervenes between the different points afiected ; for wo 
cannot be sure that there have not been intermediate points 
of disturbance which have escaped observation, while their 
residts seem to carry forward the one recorded event. 

882. Distribntion of Earthquakes. — ^The earthquake areas 
on the surface of the globe correspond generally to the vol- 
canic districts; and it is notewoi*thy that, for exami)lo in 
the case of the Mediterranean, disturbances extend upon 
either side of the long axis which passes through that 
region, the phenomena showing, at least northwards, where 
they have been best observed, gradual diminution of intensity. 
Beyond the Alps tremors are experienced even as far as the 
British Islands; and the considerable disturbance which co- 
incided with the great earthquake of Lisbon in 1755, was 
looked upon as proof of the extent to which that shock 
reached. It is possible, however, that the tremor in Scot- 
land was a simidtaneous— one might call it a sympathetic — 
disturbance, due to alterations in the subterranean cavities 
consequent upon the great change to the south. The process, 
whatever it was, which overthrew Lisbon, probably disturbed 
the relations of the fluid cavities which, as has been ah'eady 
stated, are believed by Sir William Thomson to exist. 

383. Causes of Volcanoes and Earthquakes. — The belief 

in the common origin of earthquakes and volcanoes rests 
upon the very frequent coincidence of earthquake movements 
with volcanic outbursts; and probably no great developments 
of the latter ever take place without very important develop- 
ments of the former. In the Mediterranean area a remarkable 
alternation has been observed between the volcanic eruptions 
of the Archipelago and the earthquakes of Syrian ojasL^Vs^^ 
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same relation is believed to exist between Iscliia and Vesu- 
vius. These alternations are similar to those whereby the 
volcanoes of the groat American chain have their maximum 
intensities at different periods, and it is possible to explain 
the phenomena by reference to the existence of subterranean 
lava lakes. 

884. Hypothesis of Connection between Sea and Vol- 
canic Centres. — It has been already more than once remarked 
that the majority of volcanoes are in the vicinity of the 
ocean, Jorullo, in Mexico, being but an apparent exception, 
since it seems to be a member of a chain, the great part of 
which is certainly close to the shore. The volcanoes in 
the Caucasus are distant indeed from the ocean, but close to 
the boi-dera of the Caspian Sea. The constancy of this rela- 
tion has suggested the probability of water being the principal 
agent by which volcanic activity is called into operation. 
The passage of water downwards into the volcanic foci, seems 
to have the effect of calling into fresh activity those chemical 
changes by which heat is evolved, and, as a consequence, the 
expansive power of vapours is increased, and even the solids 
tliemselves come to occupy a lai'ger cubic space. Common 
salt has been obtained from the fumes of Vesuvius — is 
even thickly deposited with other chlorides after eruptions. 
Hydrogen is known to escape from volcanoes, although its 
flame is not readily detected amidst the more powerful light 
of red-hot cinders. In its dischai^e and conversion into 
water when burnt in the open air, we find one explai;iation 
at least of the steam which constantly occurs in eniptions. 
The absence of magnesia, which seems a difficulty in the way 
of this theory, is explicable by the circumstance that the 
chloride of magnesium is decomposed into hydrochloric acid 
and magnesia, the latter coming to form a very important 
constituent of lava (Art. 366). That materials from the 
the suifaco have been introduced is well known from the 
fact that Vesuvius has ejected, from time to time, infusorial 
cases amongst the ash, these animal remains having obviously 
reached the interior by fissures of some sort. It is not 
quite so easy to understand the source of the nitrogen which 
is obtained from the craters of active volcanoes, and ia 
observed in the waters of thermal springs. Perhaps tho 
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Only plausible explanation of Ita occurrence ia tlint, aa the 
columns of molten matter and of heated water surge upwarda 
and downwards in the supply pipe, the vacuam created by 
their sudden retirement becomes filled with air, which ulti- 
mately reaches the interior. It ia not altogether out of 
place to recall the suggRstion put forward by Sir Charles 
Lyell, that the Ions of heat which the earth ia known to 
sustjiin may be replaced in some measure by electro-magnetic 
force from the sun. It is defended by him on the ground 
that, although it may appear like an attempt to establish 
perpetual motion, our knowledge does not yet permit us to 
be content with an epigrammatic condemnation of the euggea- 
tion, since farther luiowledga might prove the possibility of 
the hypothesis, just as observation has established the unex- 
pected fact that the radiation of heat is retarded by atmo- 
spheric moisture. It must of course be remembered that 
the tendency of all chemical change ia towards equilibriim), 
and that equilibrium must ultimately be arrived at, further 
change being thereafter impoesible without the introduction 
of fresh material, or the dianiptive action of some force 
dilferent in its manifestAtiona from that of oi-dinary chemical 
combination. The only question of any importance ia as to 
the rate at which we are tending towards equilibrium, as 
to the rate therefore at which it is probable physical and 
organio changes went on in the past; and on this problem 
we ai-e scarcely yet in a condition to specuUte profitably. 

S85. Taponr and Thermal Springs. — It has been men- 
tioned that some Tolcauoes, as those of the Andes, emit lava 
comparatively rarely, and chiefly give escape to ashes and 
vapours. One step more brings ua to those orifices from 
which steam alone, or hot water alone, or gaseous vapours 
alone ara discharged, a solid material, even in the form of 
fine ashes, never accompanying the emission. To this group 
belong the geysers, or hot springs of Iceland, of the extinct 
volcano of Ischia, of the island of St. Paul's, and many other 
localities which are obviously directly associated with volcanio 
activity, either in the past or the present; second, the solfa- 
taras, &om which sulphurous vapours alone are emitted, thees 
being either on the volcanic cone or near it, or, as sometimes 
happens, at considerable distonoeB from cra.tet% «k^^^ <n. 
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extinct; thii-J, fumarolcs, from which boracic acid is dis- 
charged; fourth, naphtha; or, fifth, carbonic acid vapour. To 
the same category belong the sulphiirous, siliceous, and gyp- 
seous springs in various regions, as in Yellowstone Park 
(Art. 160), Savoy, and Germany, where, at least within 
recent geological times, no volcanic activity has been mani- 
fested. Chemically, the substances found in these springs 
and lakes are identical with those obtained from volcanoes; 
and although it might be difficidt to establish by direct proof 
the actual connection between all these kinds of phenomena, 
still tho probabilities are in favour of, at least, the community 
of their origin. 

886. Intermission of Geysers. — ^A veiy interesting physi- 
cal problem is associated with the intermittence of Uie Ice- 
landic geysci'S,and Tyndall has given a satisfactory explanation 
of it, and an illustration by a simple experiment. He carried 
down a metal tube from the centre of a basin full of water, 
and surrounded the bottom of the tube, as well as a part of 
its length, with a ring of fire. The water being thus sub- 
jected to a considerable heat at two points, he procured 
eruptions of hot water and steam at irregular intervab of ^\e 
minutes; for the water at the bottom, becoming heated, ex- 
panded and lifted the water above it for a certain distance. 
Relieved to some extent of pressuixj, and its boiling point 
thus lowered (as in passing from thirty-eight to thirty-two 
feet), it expanded into steam, and the heat evolved in the 
process generating steam in the mass beneath, the whole 
suddenly buret into ebullition and propelled the superincum- 
bent mass out of tho tube. It fell back chilled into the 
basin, descended again into tho tube, and the process went 
on again until the temperature of the whole mass was suffici- 
ently luised to permit of another explosion. The application 
of tliis experiment to the geysers relieves us of the necessity of 
imagining underground caverns containing water and steam, 
and restricts the mechanical production of the phenomena to 
the heating of the fissure through which the spring rises. In 
the subjoined table tho boiling temi)eraturos are those at 
which water should boil at that depth and pressure : the ob- 
served temperatures are the actual ones ascertained by Bun- 
sen in the tube of the great geyser, and these are below the 
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boiling point ; it is obvious that the water must be raised in 
the tube before it can pass into steam. 



Obserred Tomperaturo. 


Feet 


Coiling Temperature. 
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Of the effects produced by these and other springs, which 
contribute solid matter to the sedimentary strata, enough has 
been said in a previous chapter when treating of springs. 

387. Periodicity of Earthquakes and Volcanoes. — It 

only remains to speak of the periodicity which, it is alleged, 
may be observed in earthquake and volcanic phenomena. That 
tolerably equal intervals have been noted, as the thirteen 
year periods of Icelandic disturbances, is true; but the rarity 
of such observations, when taken in conjunction with the much 
better observed irregularity of the events in other regions, 
makes it probable that the supposed periodicity rests upon 
coincidences. The history of Vesuvius, as given by Professor 
Phillips, and of Etna, does not bear out any periodicity of 
either, or even any regularity of their alternations. Only 
one observation seems to suggest the possibility of external 
influences seeming regularity in the phenomena, namely, that 
the great majority of volcanic eruptions have taken place in 
winter. M. Perrey believes that there is a greater amoimt of 
activity when the moon is nearest the earth, and when the 
earth is in perihelion. If a sufficient niunber of observations, 
sufficiently authenticated, shoidd confirm this suggestion, a 
certain amount of periodicity might be traceable to theso 
astronomical influences; but in the meantime the data are 
insxifficient to warrant the general conclusion, which is 
scarcely reconcilable, with the teaching of physicists regard- 
ing the eflects of tides in the earth's interior. 

388. Secular Movements of the Earth's Crust — ^Inti- 
mately associated with this subject is that of slow elevations 
and subsidences. It is known that rocks midergo a certain 
change of dimension in passing from the fluid to the solid 
state. The estimates of the amount of this change vary 
considerably; thus Bischofs calculations ma.ka ^^ ^j^^^jrksl 
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that granite suffers a diminution in volume of t\vcnty-fivd 
per cent, in passing from the fluid to the crystalline con- 
dition, while Delesse calculates that the contraction is only 
nine to ten per cent. These materials, however, occupy a 
comparatively small part of the earth's crust, while the sand- 
stone, upon which extensive observations have been made, are 
more important as regards their mass, and, therefoi*e, as re- 
gards the influence they may perchance have. Lyell calcu- 
lates that, according to the data given by the experiments of 
Totten on building stones, a mass of sandstone a mile in 
thickness would, if raised to a temperature of DS'S*' C, lift 
the rock above to a height of ten feet, while the heating of 
a mass fifty miles in thickness to a temperature of 315^ or 
426° might yield an elevation of 1000 or 1500 feet, the sub- 
sequent cooling producing a corresponding amount of depres- 
sion. The contraction, again, of clay rocks under the influence 
of high temperature might yield subsidence. Taking this in 
conjunction with the supposed falling in of the roofs of sub- 
terranean chambers, we have, in the volcanic foci, an adequate 
cause at once for the violent and the slower variations of level 
at the surface; while, as has already been suggested, the per- 
colations of springs below groimd may likewise, by the removal 
of soluble rocks, lead to depressions on the smaller scale. 

It is alleged that the globe is still undergoing contraction, 
and that the elevation of mountain chains is attributable to 
this cause, which also takes share in the production of vol- 
canic outbursts. But it is difficult to adopt this view, for 
we have abundant evidence of repeated elevations and sub- 
sidences in the same area at very different periods, and to 
veiy unequal amounts. Africa, though a continent for an 
immense period, has no great mountain chains such as this 
theory would require, and some of the oldest mountain chains 
have not that enormous height which their antiquity might 
be expected to involve, while the highest chains are those of 
most recent date. It must on the other hand be remembered 
that the great ocean basins are of great antiquity, and that, 
while subordinate movements have occurred in abundance, 
the geological record only tells of one grand alternation, that 
whereby the Atlantic and Pacific, once land, have become sea, 
while land baa (aken the place of the former great oceans. 



CHAPTER IX. 
DISTRIBUTION OF PLANTS AND ANIMALS. 

Fauna and Flora : Aspects of Life — Eelation of Existing to Former 
Faunas and Floras — ^Aspect orFacies of a Region: How.Detennined 
— Laws of Distribution — Non-coincidence of Botanical and Zoo- 
logical Provinces — Aquatic and Subaerial Animals : Not Essen- 
tially Di£ferent — Innuence of Climate — Parallel Regions in 
Latitude and Altitude — Marine Bathymetrical Zones — Provinces 
Determined by Physical Conditions— Specific Centres — Biological 
Provinces Unequal — Sclater's Provinces: Neotropical; Ethiopian; 
Indian; Australian; Palaearctic — Common Character of Neo- 
tropical, Ethiopian, Indian, and Australian Provinces — ^Ana- 
logous cr Representative Forms — Migration of Species and Ex- 
tension of Area— Results of Migration — ^Natural and Artificial 
Selection: Survival of Fittest — Variations: How Benefici^ — 
Mimiciy : Protective and Independent Resemblances — Repre- 
sentative Species — Dangers Incident to Migration — Tabular "V^ew 
of Or^mic World — Homotaxis — Insular Faunas and Floras — 
Hypothesis of Lost Continents — Marine Provinces : N. Atlantic ; 
Caribbean; Indo-Pacific; Australian; Western S. America — 
Pelagic Forms — Deep-sea Faunas — Continuity of the Cretaceous 
Epocn — Extension and Replacement of Species — Persistent Types 
—^Progressive Development. 

389. Fanna and Flora: Aspect of Life.— The animals 

which inhabit any area constitute its fauna; the plants con- 
stitute its flora : and these terms are equally applicable to 
the inhabitants of contiguous or of distant areas. They are, 
in fact, quantitative terms, while the qualitative comparison 
of these faunas and floras shows that there are differences 
which give to each fauna and flora its (ispect or/aciea. The 
aspects may be identical in closely-contiguous areas, utterly 
uidike when distant areas under dissimilar conditions are 
compared, or representative of each other in the case of dis- 
tant localities under similar conditions. It has already been 
stated that the provinces pf the earth at the present dec^ ^x!^ 
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the same iu kind as tbe provinces of former periods. The 
comparison of the faunas and floras of the past with those of 
the present shows that the pknts and animals of the present 
are very closely allied to, if not identical with, those which 
flourished in the most recent times over the same area; that 
the difference between the existing and former faunas and 
floras increases the fui*ther back we 'go, and that the organic 
forms in one locality at one period frequently strongly re- 
semble those of another locality at another period. 

390. Relation of Existing to Former Faunas and Floras. 

— ^The fact that the most recent fossils are of the same genera, 
or even species, as the living beings is clearest where, as in 
South America and Australia, the characteristic forms are 
restricted within narrower limits. The gravel and cave bones 
are of marsupials in the one case, of sloths or their allies in 
tlie other; but equally good, though less-striking, examples 
are to be found in every country. The wealden fauna and flora 
are very unlike those of Europe now; but there are points 
of resemblance to those of Australia; and it may be said, in 
general terms, that the mesozoic animals have an aspect to 
which at the prcsent time the Australian area oflers the 
only i*esemblance. Principal Dawson has shown that the 
l)re-carboniferous flora of N. America has greater affinity to 
the secondary flora of Europe than to the carboniferous or 
subsequent floras of America. But it must be remembered 
that in plants the non-preservation of the parts essential for 
safe classification, these being usually of very soft tissues, 
places great difficulty in the way of this systematisty and 
renders his conclusions imperfect and insecure. 

391. Aspect or Facies of a^Begion : How Detemuned. — 

From what has been said in earlier chapters it is plain that 
the modifications in texture or composition of rocks must be 
great before they can give rise to marked diflerences between 
two countries which have been subjected to precisely similar 
influences. The physical aspect, therefore, results from a 
smaller number of factors than the organic. But while the 
practised eye may gather the main points in the geological 
history of a country during a rapid visit, general impressions 
do not coimt for much as regards the life of a country. 
PriJliant descriptions of tropical vegetation, after all| teacb 
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little except the wtU-known &ct tliut gt-cat heat favoiira 
another kind of vegetation than that found in temperate or, 
still more, in cold regions; or the generalization may be 
extended to this, that endi^nous plants are mora prominent 
than eiogenoiis in the tropics. But if by facies or aspect 
is meant, not the obvious features merely, but those which 
give individuality to particular regions, we find that here, aa 
in the domain of phyeics, some standard more reliable than 
that of the senses must be appealed ta The following table, 
given by Fokomy, shows how changing is the statistical guide, 
even in the case of plants, which are, in one way, more easily 
obtained and numerated than animals : — 

Linnffina enumerated in 1754, aboot 7728 species 
Persoou „ 1601, „ 21,000 „ 

Sprengel „ 1828, „ 36,000 „ 

Stendel „ iSW, „ 87,000 „ 

Usger „ 1852 „ 02,602 „ 

In 1859, the number of species was variously estimated, 
according to Hooker, at 80,000, and 150,000 according to 
the opinion of tho systematist as to what constitutes a species. 
And this source of difficulty increaaea with the number of 
new forms observed in new localities explored. 

But these numbers do not, after all, represent a fair sum- 
mary of the whole earth. Some regions are aa little known 
as others have been exhaustively investigated; and this is 
still more true for the nnitnu l kingdom. The lists of fossils, 
necessarily incomplete for any region, siuce we have not 
exhausted, and never shall exhaust, the contents of its rocta, 
are for most countries fragmentary, while in many the explo- 
ration can scarcely be said to have commenced. If, therefore, 
the aspect of the life of any region at any period helps us to 
trace out its geographical hiatoiy, we must qualify our con- 
clusions by the recollection of our im|>erfect knowledge, and, 
setting aside our impressions, tnist only to careful enumera- 
tions of all the species that have been recorded. It is a 
common impression that a group of animals tells by simple 
inspection its native plaoe : but. In reality, the judgment is 
based, not on the impression conveyed by the whole, but on 
the rapid recognition of the individual t^ieciea which make 
up the greup. 
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392. Iawi of DrstnactzflK. — T^ £*£» ^ w <&« presence 

or xhnrfZjyt^ Z£jt iix^ariir -i-r x-.-^r' rS'arWy c^f sc^ecies. genera, 
or fkrr.:Ika. i=. pfcrsz»n',Ar r^sSic^ *zd ULe eocdhions of tern- 
f/ST-LViT^ xztl tLr Hre vr.>ri ;L-tse re^^ca |#nEsaL^ Lave been 
Cfa&>iic>i in prc^MEiSijCd yLxL ui^ spoken of as the laws ckf 
disaiiuzii.00. Tbe f<2krase is an nnfortimace one, since it 
ta^^szs 100 zna( a valce for tLe ressdts of experience in 
tJuA Ln£:cL of sciesnie. All lavs are, in one sense, the frait 
of ex|:^Tien£e. acd their exp^mental xerij^cation is the test 
of xkiKiT XKJiti&c Tslne. lor thej can be recored as laws only 
if th«^7 ecAble as to announce what is past, and to anticipate 
the f'jture. The law of the attraction of bodies is so exact 
as Uj lead to the recognition of the exsistence of planets, 
before thev hare been seen, the influence of gravitation being 
detenu iii^ble at any point in the <^it of a {danet. The 
laecliamcal theonr of heat enabled James lliomaon and 
M:&;^itis to arrive simoltaneoosly at the conclusion that the 
freezing [jOLDt might be lowered bj pressure, and the experi- 
mrrntal verification of this opinion proved it to be an accurate 
dctl action from an exact generalization, tklawm the scientific 
ffetiini of the wonL The constant sequence of phenomena in 
these two ca5>es is, so far as our knowledge and experiments 
go, uiiinterrupted ; but the necessary connection between 
the antecedents and consequents in any phenomenon, that 
[leciiliurity of the things which makes their relation to others 
not merely invariable but inevitable, it is impossible for us 
to a>iceriaiiL But while the phenomena of the inorganic 
world mauifcHt the nearest approach to absolute certainty 
with which exjKjrience makes us acquainted, those of the 
or;^nic world display an uncertainty which increases with 
tht'ir complexity, or, to use more precise language, their 
H(;r|uciico is oliscured by the number of contending influences. 
Thcrcj is no law operative in the inorganic world which is 
not hIho ojMjrativo in the organic; but as the tissues which 
ijiiiko uf) (ui orguniHcd Ixxly are miiltiplicd, their proportions 
vary, and tho jii'epondorance of particular parts undei^oes 
cliaiigo. Hence the sequence of phenomena, which by 
analogy wo are assured must be normal, is concealed, because 
wo caiuiot isolate events. Our estimates, therefore, of the 
^>owor of ai)^ one kiucl of influence on an oi^ganised body. 
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are only reliable in proportion to the number of instances on 
which they are based; for it is only by multiplying the cases 
that we can diminish the chances of error. The theory of 
probabilities teaches that a certain event must recur in a 
certain number of trials, when we know the number of con- 
tingencies upon which it depends; but in the organic world 
the number of contingencies is not and cannot be known, 
so that a generalization based on 1000 instances may be at 
variance with the next instance, the details of which are 
unknown and cannot be foreseen. And if this is true for any 
one physiological process, the results of which are compared 
in 1000 individuals, it must be true also for the sum of the 
processes which take place in 1000 individuals. The external 
influences to which organic beings are subjected are com- 
paratively few in number and kind; but the internal modi- 
fying influences are indefinite in number and variable in kind. 
In previous chapters it has been shown that these external 
influences ai*e perpetually changing; the multiplication of 
instances, therefore, is of itself apt to multiply the chances of 
error, since, if they are taken over a wide range in space or 
in time, the introduction of new influences is more probable. 
Now, as plants and animals are in themselves thus variable, 
and as the external influences are likewise liable to change, 
any general proposition regarding the distribution of organic 
beings is true only for the cases that have been obsei'ved. 
It is not, and cannot be, a law, as that word has already been 
defined, for it cannot make us sure that the like has 
happened in the past or will in the futiu-e. The distribu- 
tion of the elephant at the present time would not lead us 
to expect that the remains of any member of that genus 
should be found in Britain or Siberia, still less would the 
characters of existing geneitt have led us to believe that any 
membera of the family had been protected by a hairy cover- 
ing. If it is impossible to assign a higher value than that of 
a careful summary of facts to the results of our comparison 
of many individuals, or groups of individuals, i.e., classifica- 
tions, it is still less possible to attach greater importance to 
the results of comparison of the faunas and floras of diflerent 
regions, i.e,, botanical and zoological geography. The ante- 
cedents in many cases are comvected with the conse^ueivt^vs:^ 
23 - 
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a way which it is impossible for ns to undentand; ihxm we 
say that increase or duninution of temperatnre has driven out 
the animals of a region, but we cannot frame an explanatioii 
of the way in which heat or cold affects an animal or Tegd" 
table, so that the difference of a few d^;ree8 in tiie annoBd 
average may render a coimtry favourable to it^ or the reverse. 

393. Non-coinoidence of Botanical and Zoological I^ 

vinces. — Botanical and zoological geography do not coincide: 
the natural provinces of the one or other kind of life have 
different limits and centres, as might be ezpectedi when we 
consider their different physiological endowments and sus- 
ceptibility to external iniiuonca 

394. Aquatic and Suba^rial Provinces. — The most 

obvious distinction of distributional areas is that of aquatic 
and subaGrialy and the aquatic forms are restricted to fresh 
or salt water, to lakes or rivers. But the difference between 
gills and lungs is more of form than essence: in the one case 
the oxygen is held in suspension in the water ; in the other 
it is in mass in the atmosphere. The distinction between 
aquatic and 8uba(;nal animab, though greater than that 
between aquatic and 8uba(£rial plants, is after all less than is 
commonly supposed; for in both cases the gas passes through 
membrane to reach the circulating blood, and the temperature 
of the animal is in proportion to the amount of air absorbed, 
which is least where the water flows over the membranous 
projections covering blood-vessels, and increasingly greater 
where the air is received into membranous sacs, on the out- 
side of which the vessels are distributed. The possession of 
gills is permanent or temporary in the life of the individual; 
thus the fish is aquatic throughout life, but in the groups of ' 
amphibians some retain gills permanently, others speedly 
lose the gills and acquii-e lung sacs; while in a third group • 
both organs are present, and are alternately used as the 
necessity arises. 

396. Climata — ^If vital phenomena were as limited in 
their range as are inorganic, or, in common phrase, physical 
processes, .the isothermal lines might be expected to corre- 
spond more or less closely to the lunits of larger or smaller 
groups. The correspondence is, however, not very exact, 
since physical features, affecting atmospheric and oceanio 
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currents, canse local variations from the normal temperature, 
or that proper to the latitude; but more striking is the want 
of correspondence when the seasonal temperatures are con- 
sidered in place of the mean annual temperatures. Thus the 
annual migrations of birds, as of the swadlows &om the south, 
the fieldfares from the north, into our own area, are examples 
of the uncertain limits which averago temperature imposes 
on distribution. But, besides these extreme cases, inspec- 
tion of the maps of distribution shows that the same species 
may have very wide limits, passing through several zones of 
temperature; thus the bison and Virginian opossum range 
from Canada to the Mexican Gulf. The tailless hare and 
the tiger extend from about 55® N. lat. as far south as Java, 
but their range to east and west is restricted. This absence 
of animals from adjacent regions under the same conditions 
is one of the reasons for assigning to climate a subordinate 
influence in distribution. 

396. Parallel Regions in Latitude and Altitude. — 

Ascending a mountain under the equator brings the traveller 
into successive belts of temperature, which repeat the expe- 
rience of one passing towards the poles, and as each zone in 
latitude has a characteristic aspect of life, so have the corre- 
sponding belts in altitude; the snow line is the limit of 
abundant life in both cases. The following are the zones of 
distribution of plants useful to man:*— • 



Zona 

Tropical, • • . 

Subtropical or warm 
temperate. 

Temperate, • . 

Subarctic, . . 

Arctic, • . . 



Approzimata Latitados. Characterixtfcs. 

0*'to23''3(y i I^ic^ ii^Aize, palms, spices, 

s ugar. 
Wheat and tropical grains. 

Olive, fie, grape, citron. 
Wheat and northern ^^rains. 

Orchfud fruits, deciduous 

leaved trees. 
Northern grains. Berries, 

pines. 
Saxifrage, mosses, lichens. 



23" 3(y to 45" 

45** to 65» 

65* to 66* SC 
66" 30' to W 



The eight zones tabulated by Meyen give imdue import- 
ance to mere temperature, and are therefore artificial in their 
construction, as well as arbitrary in their grouping, of the 
plants iu each. The zones in altitude corresponding to these 

• Yeats, 
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horizontal areas are shown on the figure, Student^s Physical 
Atlas, Map XYIIL, and their temperate limits are better 
founded. They are, in ascending order, the regions of— 
(1), bananas and psdms on the low grounds; (2), tree-ferns 
and figs, up to 2020 ft ; (3), of myrtles and laurels, 4050 ft ; 
(4), of evergreen dicotyledonous trees, 6120 ft.; (5), of 
European dicotyledonous trees, 8100 ft. ; (6), of pines, 10,140 
ft.; (7), of rhododendrons, 12,150ft.; (8), of Alpine plants, 
14,170 ft.; (9), the plantless region, commencing with the 
snow line, 16,200 ft. The correspondence of these two kinds 
of zones is not, of course, exact; but the agreement is in 
keeping with what has been already said (Art. 207) of the 
shells of temperature with which the earth may be r^;arded 
as surrounded. 

S97. Marine Provinces: Bathymetrical Zones.— The 

areas of distribution in the sea are less distinct in climatal 
demarcation than those of land, the temperature being more 
uniform. The belts distinuished by Professor E. Forbes are, 
therefore, purely topographical, and approximately correct 
for every region, representative forms occupying correspond- 
ing positions. The five bathymetrical areas are : 1. The 
littoral zone, between tide marks, or at thq water^s edge in 
tidelcss seas. 2. The circum-littoral zone, from low tide to 
15 fathoms. 3. The median zone, from 15 to 50 fathoms. 
4. The infra-median, from 50 to 100 fathoms. 5. The 
abyssal zone, from 100 fathoms downwards. Since it is now 
known that life descends to the bottom of the ocean, the 
fifth zone may yet be subdivided, but the data are in the 
meanwhile impeHect. 

898. Provinces Determined by Physical Conditions. — 

The influence of temperature is controlled by the physical 
features of the land above and below water. A mountain 
chain, such as the Andes, is an insuperable barrier to the 
passage of plants or animals. The deserts of Africa separate 
regions as sharply sjs does the sea. In the sea, where a 
superficial view might lead us to expect great uniformity, 
there are provinces recognisable, though Uieir demarcation 
is not always clear. But a current may be a bar as absolute 
as a mountain range, and a deep central trough, as that of 
the Atlantici seems as efieotual a means of separation as a 
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desert. In tlie K. Atlantic basiii warm and cold areoa wero 
described aa connected with the featurea of the sea bottom 
(Artfl. 75-85), and by their interlacement the faunas cf 
northern and eoutbem regions are found under the same 
pai-allels. Among the anomsIieB of distribution must bo 
mentioned the absence of animals from an ac^acent area from 
which they are separated by obstacles seemingly out of pro- 
portion to the result Thus the distinctnees of Madagascar 
from Africa, and of the two parts of the Malayan Archi- 
pelago, even of Ireland fi^m Great Britain, leads us to what 
is the primary cause of the features o( the botanical and 
zoological geography at the present time. 

399- Specific CentieB.— Plants and animals are grouped 
under species, and these under genera; these again under 
families, orders, classes. The number of species included 
under a genua varies, and the number of varieties under a 
species is likewise unequal. But the proportions in both 
cases have reference to lie extent of country they cover, and 
to the variety of its surface. There is little variety in the 
animals of a, country which, like Africa, is remarkable for 
imiformity; on the other hand, the changes of conditions 
presented by such a region as the Amazon valley are 
associated with the presence of many local varieties among 
the butterflies, as Mr. Bates has described. Though they da 
not prove, these two conrerso fiiota support the view, that 
Bpeciea are modified aa they spread from the area or centre 
in which they first appeared. It is now accepted aa indis- 
putable, that species which have become extinct, do not 
recur in the geological series, and the forms which have 
descended almost unchanged from remote times to the present 
confirm US in the belief that continuity of descent ia insepar- 
able from continuity of character. The isolation of specifio 
or generic types at the present time is, therefore, explicable 
by reference to the geographical changes which have been 
described in previous chapters of this volume. It is beyond 
the scope of such a book aa this to discusa the question of 
the origin of species; but the view here adopted ia, that 
species are developed ont of other species by modification. 
Considerable difference of opinion exists as to the nature o< 
the processes by which this modi&fisAoJsa ^& «RA«m.TfisSBsfe.\ 
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but the theoiy affords the only means of coordinating a mase 
of facts which no other doctrine yet proposed has brought 
into harmony. To physical changes, therefore, must be 
assigned the primary influence in bringing about the distri- 
bution of organic forms such as we now see. 

400. Biological Provinces UneqnaL — ^Reference has been 
made in previous paragraphs to the unequal plasticity of 
organised forms, to the unequal power they possess of endur- 
ing vicissitudes in the conditions to which they are subjected. 
It may be said in general terms that this power of endurance 
is in proportion to the simplicity of the organism; that the 
simplest forms are tiiose which have the widest range in 
space, and have had the longest existence in tima As the 
complexity of an organism increases, its power of endurance 
diminishes, as a rule, in the same proportion; so that the 
continued existence of its offspring depends upon their 
capacity to change at the same rate as the conditions alter. 
K the capacity is limited, extinction of the type must ensue. 
If the capacity is great, or if the external changes are slow, 
the modification gives rise to new species. In some groups, 
both of plants and animals, the changes in a given time must 
be greater than in others, and after long intervals the specific 
centres, say of the grasses or of the molluscs, must have 
imdergone considerable change of position. A series of maps, 
each devoted to the distribution of a distinct species or genus, 
would present very great differences, the amount of which 
may be inferred from the comparison of those given in Mr. 
A. Murray's i>wfrt6M/M)w q/'J/awi?7ia&, 1866. But while the 
centres of maximum development of animal and vegetable 
species do not coincide, there is sufficient agreement to render 
possible the division of the earth into regions, each of whidi 
is characterised by the presence of an assemblage of plants 
and animals whose association has reference to the previous 
geographical conditions of the areas. 

401. Sclater's Provinces. — The provinces, which thus 
harmonize biological and geographical changes, are those first 
set forth by Dr. Sclater for the bii-ds, and since approved by 
Mr. Wallace for the animal kingdom generally, while they 
include tolerably well the main facts as to the distribution of 
phmttk 



etfilOPlAlr BEQIOir. 



327 



Regions. 


Areas. 


1. Neotropical, . 

2. Kearctic, . . 

3. Paleearctic, 

4. Ethiopian, . . 
6. Indian, . . . 

6. Australian, • 


South America, Mexico, West Indies. 

The rest of America. 

Europe; Asia, north of the Himalayas, as far 

as Japan; Africa, north of the Sahara. 
The rest of Africa; Madagascar. 
Southern Asia; west half of the Malayan 

Archipelago. 
East hau of Malayan Archipelago; Australia; 

and most of the Pacific iRlands. 



402. Neotropical Begion. — South America contains, as 
its characteristic animal forms, the platyrhine monkeys, 
which are distinguished from the Old World forms by the 
thicker septum between the nostrils, and by the possession 
of 36 not 32 teeth. The antiquity of the province is shown 
by the exclusive presence in the tertiary deposits of monkeys 
belonging to this type, no member of tiie Old World group 
having been discovered. The sloths and armadilloes are 
similarly related to their predecessors, the megatherium, 
glyptodon, and the like, and Mr. Bates regards the arboreal 
habit of the sloth as acquired during long residence in a 
wooded country. The llama, alpaca, and guanaco, form a 
characteristic group confined to the higher plains of the 
eastern slopes of the continent, if hile the vampire bats are 
also confined entirely to this region. 

408. Ethiopian Begion. — ^The submersion of the Sahara 
down to tertiary times, formed a barrier which helps to 
explain the separation of the north coast of Aiiica from its 
tropical and southern districts, and the specific distinctness 
of its elephant, of its three species of rhinoceros, and the 
restriction to it of the hippopotamus. The chimpanzee and 
gorilla are the anthropoid apes of this region, while the 
lower groups are numerous, but all belong to the cataiThine 
division. Madagascar, separated from Africa by the Mozam- 
bique ChaKnel, contains very few mammals common to it 
and the continent (Art. 419). The characteristic lemurs 
have been found fossil in Europe, and the difference between 
two countries so near, and placed under similar climatal 
conditions; indicates the antiquity of their ^^^x^\ss^ 
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404. Indian Begion. — ^The eastern boundary of tkis area, 
the strait between Borneo and Bali on the one hand, Celebes 
and Lombok on the other, is only fifteen miles broad, but its 
depth is greater than 100 fathoms, and this corresponds to a 
geographical separation of great antiquity. The western 
boundary is less definite geographically, the Ethiopian and 
Indian types being mingled on the continental land surface 
of Arabia. The scitaminese, zingiberacese, and bananas are 
the most characteristic forms of plants, and the fitness of 
local climates for certain species of food plants from other 
regions, has been experimentally proved. The elephant, 
tapir, and rhinoceros are wide spread over the area, and the 
species of ox (Bos gaums and B, gavialis), though kindred 
to the S. African species, have remarkably local areas. The 
reptiles of the Indian area are well defined, the exceptional 
occurrence of tropical snakes in Japan, and of a few tropical 
butterflies, telling of a former southern land connection of 
Japan, whereby these Indian forms gained a footing among 
a mass of palsearctic species. They represent groups which 
otherwise would have been unrepresented, and their continu- 
ance looks like the fulfilment of a function in nature. 

405. Aostralian Begion. — But though mammals, birds, 
and reptiles agree in defining the Indian region by the Straits 
of Lombok, the insects wander over the line on both sides, 
the mixture of species being here due to power of flight, as 
in Arabia it was due to absence of obstacles. The other 
groups of animals leave no doubt as to the definiteness of the 
Australian region. The marsupials, and the absence of 
placental mammals, are the leading features of the greater 
portion of the land. Among birds, the emu, mound-building 
megapodius, the honey-suckers, and loris, form a characteristic 
assemblage, while the kivi or apteryx still repi*esents the 
struthious birds, of which the moa was the last survivor, 
having become extinct probably within the last century. 
The gum trees, eucalypti, heaths, epacrides, the proteacese, 
casuarinas, and gummiferous acacias are among the most 
characteristic for the continent, but the variety of climate 
which diflerent portions of its borders offer, is accompanied 
by local peculiarities in the grouping of the plants. The 
grass plains of the inteiior are like those of the north tern- 
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perate zone; the scrub is peculiar, since no turf accompanies 
it, and the heath-like, vertically placed leaves offer little 
protection to the soil beneath. The combination of American, 
Australian, and Antarctic plants in New Zealand, the latter 
being confined to the high ground, renders it probable that 
the present aspect of the vegetation was acquired after many 
gi'eat changes of the geography of the South Pacific, and 
after the dispersive influence of a southern glacial epoch had 
been felt. 

406. PalSBarctic Begion. — ^The Europeo-Asiatic continent 
from Japan to Spain, and to the north of a line from the 
Atlas through the north of Arabia and the Himalayas, pre- 
sents a singular uniformity in the distribution of mammals, 
76 per cent, of European species being common to Amoor- 
land, while Algeria contains forty-seven species and about 
twenty-eight genera common to the lands north and east of 
the Mediterranean. There is a similar agreement as regards 
the other groups of vertebrates, with the exception of the 
Japanese serpents, which are tropical. The land molluscs 
aijree, on the whole, with the vertebrates; and the plants 
likewise render this a natural province, save in the eastern 
Asiatic region, in which American afi&nities indicate relation- 
ship to the miocene flora. 

407. Common Character of Neotropical^ Ethiopian, 
Indian, and Australian Regions. — ^The bird fauna of the 
great area thus included is of great interest. To these regions 
arc confined the struthious birds, including the ostrich of 
Africa, emu and apteryx of Australia, cassowary of the Malayan 
group, rhea of America. The edentates, including the sloths 
and armadilloes of America, the pangolin of Africa and 
Malaya, and the orycteropus of Africa are confined to this 
area; while the anthropoid apes range from Eastern India 
to the west of the Ethiopian region. The tapir is American 
and Indian, the elephant Ethiopian and Indian, the marsu- 
pials American and Australian. To this must be added the 
common characters of the plants of Si^America, S. Africa, and 
Australia, which, though not comparable in importance with 
the zoological resemblances just stated, contribute to the 
evidence in favour of a former connection between these 
different land masses in the southern hemia?5|tecfe^^&^^xvs^*^sis 
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oonnectlon was not sbmiltiiieooaL OanlUtiaiM of kad, eqA 
as the coral inlands shoir to be still goiiig on in that re^an^ 
formed at varioDS periods bridges between the diffieient areas, 
and it is probable that some <^ these oonnectkRis date from 
the triassic times, when S. Africa assumed the cnntinental 
form which it has since retained. 

408. Analogous or Bepre8entati?e?diBi8.— A distinction 
most be observed between these comnum ^rpes and what are 
known as representatiTe forms. As a gencsal rale, the habits 
of species under the same genus are doselj similar, if not 
identical, the affinitj <^ stractore which ocmstitateB tiiem 
members of the same group offering a presumption in favour 
of such resemblance. Thus, the elephants <^ Asia and Africa 
are e^juivalent, so far as their share in the economy of nature 
is concerned. The llama and its kindred, again, represent the 
camel, but are not equivalent to it. These relations are con- 
sequent on the diffusion of the descendants from a common 
stock, the forms, divergent in their migrations as well as in 
their structure, being dissimilar also in habits according to the 
character of their new surroundings; but the departure stops 
short of that utter difference which would be associated with 
changes so extreme as to efiaoe even the family resemblance. 
But another kind of resemblance, for which analogy is tho 
best term, exists between members of distinct orders. Thus 
the marsupials present, within the limits of that group, most 
of the habits and corresponding modifications of form which 
occur among the placental mammals. The carnivore has its 
analogue in the thylacinus, the ruminant in the kangaroo, the 
insoctivoro in the myrmecobius. This remarkable parallelism 
is duo to the long occupation by the marsupials of their iso- 
lated territory, and to the consequent competition among 
them, resulting in the adaptive change which has specialized 
each group by its mode of life. 

409. Migration of Species, and Extension of Area. — 

Every species tends to spread in all dii-octions as the number 
of iiulividiials increases; and if the conditions are similar on 
all sides tho spread will be equal, an event which can rarely 
hapi)en. But this extension of area must be distinguished 
from transfer of the point of maximum development. This 
tttkos ploco— 
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a. When cllmatal changes occur. All species are not 
equally capable of migration, hence extinction in the primary 
locality may go along with increase of numbers on the margins 
of the area, while expulsion in mass will shift the area of the 
more locomotive Bpecies, The glacial period was the climax 
of a series of migrations whose progress is traced in the 
chftnges of the pliocene faunas. 

h. When geographical changes occur. But as there is 
every reason to helieve that these are, on the whole, gradual, 
the clianges are more likely to have been by migration, and 
expansion on the mai^ina of the specific ai'ca, than by ex- 
tinction in one locality. 

e. When the food supply oi a species aitcrs. "Whatever 
aflects the vegetation of a district must affect, however slightly, 
all the inhabitants of that district. Any disturbance of the 
balance, say by the &ilure of one kind of plant, will to that ex- 
tent alter the diet of the graminivorous mammals, while space 
will be left for the free development of other kinds, or Uieir 
importation from elsewhere; and importation of new plants 
usually brings new animals, whether their influence be im- 
portant or not. The annual migrations of animals, commonly 
i-eferred to instinct, are, in many cases, rather due to appetite. 
Their occurrence at the time of seasonal change has led them 
to be referred to climatal causes. But the migration of the 
swallow southward at the close of the summer is towards a 
region where he will find during winter abundant insect 
food, wanting in that be has quitted. The bison travels after 
the food which he exhausts in each successive locality by 
destruction as well as consumption; and the herds have their 
return timed by the renewal of the herbage. The quest of 
water leads to other great migrations, and these movements, 
of irregidar periods, are identical in kind with those which, 
from analogy, may be assumed to have some share in this 
sbiftinfr of species. 

d. When enemies or competitors appear or disappear. The 
vegetation of New Zealand seemed that best adapted for the 
country, but ita development was due to long isolation ; for, 
where European plants were imported, the white clover is 
displacing the ferns and native grasses; the cow-grass {Poly- 
gonum acKotare) follows all the road lines ; the doQt. (R-wn<Mi> 
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tSTiSaafA Ltddcad c»>B:a:^s;is£rs -iL* myitis is ozzjn^i^Hj ^z^d,, 
juid MM CMataiitiT dnuzi^ c51 irL£* the ywj.: — -- 3 process 
u onlj * l(B«t>ire fA a rerj imp^Erfect s^te cf cirilisadon. 
-mhok tribes Mm isohkted^ and vLes, as in Asia a: the present 
dar, ihe teaveUer c%nn/A joamey alone, but must wait for a 
cararaiL Amr/ng animaU, saj the carnivores, each individaal 
reqtiireii a certain aira f>r the satiAfaction of his irancs ; and if 
he is rentrict^ in this enjojTnent he most fight his encroach- 
jnjj neighbour, and the weaker niTLst either go or die. The 
nlow exjjanxion of this sjiecific area is therefore indistinguish- 
able in kiml from the sudden rui juration in masa. Even the 
leTfirning wandera forth, T;ot as an emigrant in the human 
H^rnii^;, but HH a rnignjnt like the Kwallow, for the lemming 
ftwarm prccclcs a h';vere winUr, that is diminished food 
«ii;/jflr. 

410. Sesilltf of Migration. — If circunwitanoes are favour- 
able, tho wandering may mean only cxtcnidon of unaltered 
fonnn over a wider area. By unfavourable conditions the 
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wanderers may fail to obtain a footing, perishing by climate, 
by want of food, or the opposition of enemies. But the 
extinction may not be rapid, and in the struggle to retain 
their place, the species may become modified in various ways. 
Modifications also may take place even where a species eafoly 
holds its ground, for there are few areas identical in their 
conditions throughout. 

411. Analogy of Distribution of Species in Space and 

Time. — Observation has shown that, in the majority of cases, 
species arise in areas which coincide both in space and time 
with those of other closely allied specias, and that, as has 
been already said, varieties are proportioned in number to 
local difierences of conditions. It is further known that 
man can cultivate varieties, that is, when a desirable varia- 
tion of form or colour appears in plant or animal under 
domestication, man can, by careful selection of the ofispring, 
pei*pet\iate the variety. If the efibrt is suspended, the 
descendants gradually revert to the original form, but never 
actually resimie identity therewith. It is further known by 
observation, that species which have once disappeared do not 
recur, their place being taken by others; that members of 
the same genus differ the more the further the strata in 
which they occur are separated from each other in time ; 
and that, finally, if at the present we travel from the nor- 
thern to the southern temperate zone, we gradually diminish 
the number of identical forms, the species changing as we 
advance, till at the antipodes a very small number of identi- 
cal forms would be met with. 

41S. Natural and Artificial Selection : Survival of the 

Fittest. — By these two phrases is meant that the organic 
world is never in a state of equilibrium, but that as there is 
constant fluctuation in the physical surroundings of organised 
beings, there is a corresponding struggle among these beings 
themselves to maintain their existence. The one phrase calls 
attention to the result of the struggle, the other to the 
machinery by which it is carried on. Whether the changes 
which result in permanent species are due to plasticity of the 
animal or vegetable organism, whereby external influences 
lead directly to changes of structure, or these changes are 
gradually accumulated after having come va^ ^-sJN^is^jRf^ 
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under some influences whose operation we know nothing of, 
it is immaterial here to discuss. Suflice it that these changes 
will be perpetuated if they are beneficial to the animal; that 
just as particular yarieties are " selected" artificially by man, 
so in nature a stronger or better endowed animal is selected, 
and survives and multiplies, its weaker or worse endowed 
associates disappearing. Continuing to use the impersonal 
language hithei-to employed, the illustration taken by Mr. 
Huxley is a happy one, when he says that the wind selects 
the successively iiner sand on the dunes, and that frost selects 
the weak plants as the gardener would select them. 

418. Variations: How Beneficial — The modifications 

which constitute " the fittest," may be either of an obviou.sly 
useful kind, as the length of neck which extends the girafie'.s 
browsing ground, the length of limb which inci^ases the 
swiftness of a camivore, or which gives its prey better chance 
of escape. In artilicial selection that may be desirable which 
to the wild animal would be fatal, as the shortness of limb 
which gave to tlie Ancon sheep of Massachusetts their value, 
because they could not leap fences. But the benefit may be 
indirect, as when a beetle (Psox) has the colour and appear- 
ance of dust, and thus escapes detection; when a leaf — or a 
stick-^-insect is indistinguishable from the vegctiible matter 
amid which it lives; when one butterfly comes to i*esemble 
a butterfly of another 8i)ecies, so as to acquii-e the immunity 
from the pursuit of birds enjoyed by that one which it 
resembles; or when a moth and a humming biixl have a 
superficial likeness protective to both. 

414. Mimicry: Frotective Resemblances: Independent 

Besemblances. — ^AU these modifications are in realitv imcon- 
scions on the i)art of the animals, though the poverty of 
language rendcra it dilHcnlt to avoid tlie suggestion of voli- 
tion in the last -mentioned cases. But the occurrence of 
resemblances which cannot be protective, demonstrates tlio 
unconscious character of the change, and |)oints to similarity 
of endowment of living bodies as the source of the accidentivl 
similarity which is seen, for example, in the curious likeness 
of marine shells in one pai-t of the world, to land shells in 
another. Homogenetic has been proposed for resemblances 
which may be traced to common ancestry, homoplastic for 
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changes produced by similar influences on similarly endowed 
tissues. 

415. Bepresentative Species. — ^In distant regions identical 
forms are met with, the more frequently the lower are the 
organisms, wide distribution in space and time being propor- 
tioned to the simplicity of the forms. But among the higher 
plants and animals, the independent origin in both localities 
of the identical forms is rendered improbable when it is 
found that, in the one case, the individuals are so numerous 
as to indicate that this is t^eir proper habitat, while, in the 
other, their paucity indicates that they are outliers, and 
sometimes the intervening area may yield fossils proving the 
former continuity of the species. Moreover, on the assump- 
tion that all species reach their present localities by migra- 
tion, the improbability of identical variations occurring far 
apart is very great, since the influences cannot be absolutely 
identical, and perfect reversion is unknown. But closely 
allied foims may arise, and these are truly representative 
species, since they set forth the changes produced by similar 
conditions in the descendants from a common stock. 

416. Dangers Incident to Migration. — The diminish- 
ing number of the travellers might be expected, when it is 
remembered that every change of locality may yield change 
of temperature, of food, of rivals, and of enemies. The 
prospect, therefore, of great extension of a species, and of 
its numerical superiority, is a complicated problem, to which 
must be added another factor, the number of individuals 
which may have started on the route. 

The names in the following table must be regarded as the 
ends of branches which ai*e given off successively from pre- 
vious branches. It is not necessary in this volume to state 
the points of divergence. It is only desired to suggest that 
the succession is no more linear than is that of the branches 
of a tree, the highest branches of which diverge from the axis 
equally with the lowest 

417. Homotazis. — It is often said that, in the silurian 
times, there was a greater uniformity of life over the earth 
than there is now, the deposits of that epoch, wherever 
examined, revealing closely similar forms. But all strata 
drq assumed to be ^urian which are the eQa:Us^i^2i^^s^^:&iss5$c^ 



VHT8ICAI. aEOaKiPUC' 



Hi 



INSULAR FAUNAS AND FLOHAS. 337 

strata of each I'egion, an arbitrary basis is assumed, and the 
resemblance of these rocks in different regions is exaggerated, 
it being forgotten that as these strata everywhere rest on 
metamorphic rocks (where their lowest portions are visible), 
it is impossible to say to what extent the records of pre- 
existent zoological provinces have been destroyed. In later 
deposits, as the marine portions of the cai*boniferous series, 
community of fossils in distant localities has been taken to 
indicate contemporaneity of deposits, and the existence of 
identical species at the same time in these localities. Keason- 
ing from the small number of identical species at distant 
localities at present, and from our imperfect knowledge of 
the strata whose organic contents are said to be identical, 
the opinion fij-st announced by Godwin Austen seems con^ct, 
that identity of species indicates lapse of time sufficient to 
have admitted of migration from one locality to another. 
Professor Huxley proposed the term homotaxis as expressive 
of the relation of such fossil groups, insisting that strata, 
characterised by similar remains, show a similar but not 
identical sequence in each locality; and this doctrine, that 
geological formations represent geographical provinces rather 
than periods of time, is in accordance with Professor Eam- 
say's investigations into the distribution of former continental 
areas. 
418. Insular Faunas and Floras. — In an earlier chapter 

the population of islands was said to differ from that of ad- 
jacent lands in proportion to the antiquity of its isolation. 
The Atlantic islands illustrate this generalisation. The 
Madeira, Canary, and Cape Verde groups differ from the 
mainland and from each other. There are no indigenous 
mammals except bats; but such quadrupeds as. have been 
introduced prosper remarkably. Madeira has, on the other 
hand, ninety-nine species of birds, of which one is peculiar, 
two are common to it and the Canaries, the rest are Euro- 
pean ; and it is noticeable that the number of these is greater 
on the eastern than on the western islands, the wind-driven 
birds first alighting on the eastern. Every island seems to 
have its own peculiar insect forms, two-thirds of the Madeira 
beetles being as yet unknown elsewhere. The flora of these 
islands has the same Amencan aspect as the miocene flor^ 
23 ^ 
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of central Europe, and it is probable that this resemblance 
is due to the transport, from adjacent miocene land to these 
islands, of seeds which might be carried by birds or drift 
wood, the transport being perhaps facilitated by intermediate 
islands now submerged. That the isolation of these islands 
is anterior to the glacial period follows from Hooker's obser- 
vation, that whereas in all continental mountains boreal 
forms are found, the fragments of an expelled flora, the 
main body of which has returned northwards, the mountain 
flora of these islands is simply that of the low grounds. The 
antiquity of these islands is further shown by the distinct- 
ness of the pliocene fossil shells in the adjacent islands of 
Madeira and Porto Santo, and by their equal distinctness at 
the present time. The Galapagos Islands have a fauna of 
land birds, all belonging to S. American types, yet four- 
fifths are peculiar, whereas an equal proportion of the aquatic 
birds are of S. American species. In the Atlantic islands 
the birds are tolerably equally difi^ised, probably by aid of 
winds ; but the calms of the Cralapagos area explain the re- 
striction of some of the birds to separate islands. These 
facts are explicable on the assumption that the isolation of 
these islands is of great antiquity, and that the presence of 
forms belonging to adjacent islands is in proportion to their 
means of transit, as in the case of birds and bats, or to the 
likelihood of their being drifted by help of ice, floating wood, 
or in the mud adhering to the feet of birds ; that these im- 
.portations are not of frequent occurrence, and that the forms 
thus isolated have varied so as to lose their identity with the 
parent stocks, as has happened in the case of Australia. 
The student will find in Mr. Wallace's book on the Malay 
Archipelago J an admirable statement of the method of inves- 
tigating the differences of life in adjacent areas, and of the 
geographical evidence which may be elicited from them. 

419. HypotheslB of Lost Continent& — ^As our knowledge 
of the various means by which plants and animals may bo 
transported increases, it is less necessary to assume the former 
evidence of hypothetical land connections. A miocene At- 
lantis, across which American plants migrated to Eurojje, is 
especially unnecessary, since the existence of miocene plants 
in the Ua north suggests their passage in that region, and 
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likewise explains the common characters of the vegetation of 
the then northern continents; and in the second place the mio- 
ceuo corals, common to Eui'ope and the West Indies, required 
open sea in the Atlantic, or at least a more or less scattered 
aixihipelago, a supposition quite in accordance with the facta 
above stated, liie absence from Madagascar of videly dis- 
tributed African mammals haa suggested the former exist- 
ence of a continent in the Indian Ocean; but the presence of 
lemurs on the African shore, seems to indicate a former land 
connection with Africa at a period so remot« that time has 
sufliced for the variation of the isolated species, so that 
nearly all are now peculiar. Moreover, the presence of a 
lemur in Europe in miocene times lendera more likely the 
existence of diy land where the Mozambique Channel now 
is. The land connection with the Pacific area is aupportfid 
by the affinity of the insectivore centetes to the Aioerican 
genua eolenodon, and by the presence in Hadagascar of 
Amei-ican types of serpents and insects. 

420. Marine Provinces. — Continuous as the sea appears, 
it is mapped out into provinces as distinct, though more ex- 
tensive, than those of the land. The fishes have free powers 
of locomotion, but they are as much addicted to particular 
locnlttica as the birds, while it is less easy to reeognise the 
conditions on which their limitation depends. The species 
associated in the bathymetrical zones, already mentioned, are 
as local OS the inhabitants of suha^rial plains, and after the 
limit of influence of surface temperatures is passed, the species 
become more extended in range, just as the mountains, even 
to the equator, support boreal forma. The littoral species 
are the most varied, they being most under the influence of 
seasonal vicisaitudea, and diversity of soU and food. 

The provinces of terrestrial life have their analoguea In the 
eea, 

421. N. Atlantic. — The North Atlantic province includes 
a large part of the Arctic shores of the Old and New Worlds, 
and extends far down the American coast on the one side, 
the European shores on the other: the Meditertaneaji and 
Aralo-Caspian lakes belong naturally to it, and its southern 
limit is the equatorial drift. Over all this area the living 
and the most recent tertiary speciea <^ ^nO\M»ft. «.^%»,*^e^ 
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the characters which unite so large a tract under one desig- 
nation are due to the dispersive power of the glacial cold, 
whereby boreal forms are now located in the Mediterranean, 
and the affinities of that sea with the Indian Ocean have 
been greatly reduced as compared with what they were in 
pliocene times. The adherence of cod, salmon, and. herring, 
to the coast lines is as marked as that of the molluscs, and 
confirms the view that the community of species on either 
side, amounting to nearly one hundred among the molluscs 
alone, is due to the existence of a former land connection in 
the far north. 

422. Caribbean Province. — This area extends from Goncep- 
cion on the west coast of S. America, to the outflow of the 
Gulf Stream. Its molluscs, by which chiefly the province 
is determined, merge into each other, the Falkland Isles 
(Malvinas) proving their antiquity by the possession of 73 
per cent, of peculiar species. The fauna of the Mexican 
Gulf includes a large niunber of corals, but its molluscs have 
about 3 per cent, of species common to the western side of 
Darien, and some of the common species are found also in 
Western Africa. The transport of these species by the 
equatorial drift, and their migration westwanl during the 
patency of a channel through the Isthmus of Darien, is an 
event of the same kind, probably, as that by which a few 
species have been carried by the Gulf Stream to the shores 
of Britain. But when it is remembered that of 522 Sicilian 
species, thirty-five are common to the West Indies, and 
twenty-eight to the west coast of Africa, it is possible that 
the extension of species from Panama to Africa may have 
occurred at the same time, and by the same means, that 
Central Europe and the West Indies shared their coiul 
fauna. 

428. Indo-Paciflc Province. — ^This, the largest marine 
area, is still imperfectly known. Following the coast line, 
a remarkable continuity of molluscan forms can be traced, 
and such agreement as the Pacific Islands present with the 
American continent, ceases at the Peninsula of California. 
The sea lions range throughout this great area, and even 
beyond it, manifesting as little agreement in detail with the 
regiona marked out by terrestrial life as do the other ani- 
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mals possessed of various powers of locomotion, with the 
areas whose limitB have been marked out by Mr. Wallace. 
The area is predominantly that of corals, and the specific 
variety of the moUusca is due to the multiplicity of local con- 
ditions arising from the submergence and re-emergence of 
lands whose prominent peaks have been seized on by the 
corals (see page 66 for the axes of Pacific lands). In this 
region, too, are found the remains of the decadent group of 
cephalopods, which filled the mesozoic strata with ammoniteSy 
but is now reduced to the nautilus. 

424. Anstralian Proyince. — ^The large number of peculiar 
genera, and of genera which here attain their maximum, 
gives as marked a character to Australia as it owes to its 
terrestrial fauna, more especially as mesozoic types are con- 
spicuous. But the common genera are also of interest, since 
they are, with unimportant exceptions, found in the southern 
land masses of America and Africa, as well as on the shores 
of the Antarctic continent. 

426. Western S. America. — The Gulf of California 
belongs to the great province of which Panama is the centre, 
and whose southern limit is the margin of the easterly or 
Antarctic drift, The community of forms on either side of 
Darien has already been mentioned; it only remains to say 
that the total difference of the molluscan fatma of the Indo- 
Pacific from that of this portion of America, renders the 
region thus limited a very natural one. Tlie Galapagos 
Islands maintain in their marine fauna the preponderance 
of peculiar forms seen in their terrestrial population. 

426. Pelagio Forms. — ^The conditions of migration of 
some families of animals are unknown. Cuttle fishes are 
found in most regions, but the species, though dwellers in 
the high seas for the most part, are very conservative of 
their customary tracks. If it is difficult to follow the move- 
ments of an animal like the herring when it approaches the 
coast, it is impossible to say how the pelagic species travel, 
and our marine provinces are therefore defined entirely by 
reference to the coast faunas. 

427. Deep Sea Faunas: Continuity of the Oretaceons 

Epoch. — Oidy in the Atlantic Basin have soundings as yet 
given [Systematic information regarding the inhabitaxv.^^1^ 
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depth beyond 200 fathoms, and even there, great as has been 
the addition to our knowledge, the observations are few and 
isolated. It appears that the oaze, often referred to, repre- 
sents the chalk of the cretaceous formation, its large amount 
of diffused silica not having yet been segregated in the flint 
nodules of the old rock; that the area occupied by the deep 
water species is wider than that of the shallow water forms; 
and that while the propriety of including within one area 
the regions mentioned in a previous paragraph is confirmed 
by the presence of miocene and pliocene Sicilian forms, in 
others a remarkable affinity is shown to the cretaceous forms. 
The continimnce of these forms, belonging to types supposed 
to be extinct, in association with a deposit so peculiar, one 
wliich from theoretical considerations we should expect to 
find, as it is known to be a deep water accumulation, has 
given groimds for the generalisation that the chalk is con- 
tinued to the present time. Whatever exception may be taken 
to the phrases in which this idea is embodied, the fact is, 
that the cretaceous deposits persist with very much of their 
characteristic fauna, and that thus two provinces co-exist, 
which, judged by the palseontological standard, would be 
regarded as belonging to distinct periods of time. It further 
appears, as Dr. Wyville Thomson points out, that "tho 
gasteropods i-ange from the shore to a depth of 100 to 
200 fathoms, the lamellibranch molluscs become scarce at a 
slightly greater depth, while some orders of brachiopods, 
Crustacea, echinoderms, sponges, and foraminifera descend in 
scarcely diminished numbei*s to 10,000 feet. In fact, tJie 
bathi/metrical ra7if/e of various ffroups in modem seas corre- 
sponds reniarkahly with t/ieir vertical range in ancient strata,** 
The sentence which we have italicised contains a generalisa- 
tion which accords with that of Agassiz as to the order of 
the genera of corals in a reef, the representatives of the 
groups whose maximum was in the remote past being near 
the bottom, the modem species towards the surface of the reef. 
428. Extinction and Beplacement of Species. — ^The dis- 
appearance of species is very slow, and the final extinction 
can very rarely be determined. The lists of fossils given in 
works on geology show that a species may not occur in every 
successive series of strata in one region; but its absence in 
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Kay particular layer may be due to its migration ebevfaither, 
or to our imperfect kaowledge of the layer, as well as to its 
extinction; and one of the former is clearly the explanation 
when it occurs in the layer above. The colonies of M. 
Barrande show how extensive migrations may be, and how 
long an interval may separate the earlier and later occupancy 
of a region by the same species. As there is no reason to 
believe in the sudden and entire destruction of a species, which, 
80 far as evidence goes, could only take place with a decay- 
ing species, whose numbers and area were therefore already 
greatly reduced, the sudden sharp cessation of, say, the meso- 
zoic types in Britain at the close of the chalk, is due to 
migration and to the nonpreservation of the highest strata of 
the chalk series. For the same reason the replacement of 
species ia a process not traceable, even if it were effected only 
byjnigration; still less can the steps be followed when modi- 
fication is instrumental in the changed aspect, 

429. Persistsnt Types; Pro|rressiTe Development.— It 
is impossible to enumerate the influences by which plants and 
animals are altered, destroyed, or displaced; but to the 
external agents must be added one whose power we cannot 
estimate, namely, inherent tendency to decay. If there ia 
in species a natural period of existence, as tJiere ia in indi- 
viduals a limit to functional activity, it ia not probable that 
the full period of duration is often attained, since species 
are subjected to ever-varying external influences. It ia not 
neccssaiy to argue against theories of progressive development, 
as that term was understood some years ago. It ia now well 
known that the earliest fossils with which we are acquainted 
belong to types as well developed as those of the present day; 
and tSat while new orders have made their appearance, they 
have done so, for the most part, at remote dates. Vertebrates, 
fishes, are found in the sUurian aeries, molluscs of various 
groups, the lamellibranchs, gasteropods, and cephalopods, are 
all present in the same strata: brachyurous and niacrnrous 
crustaceans (of which the crab and lobster are the familiar 
living examples) appear in the carboniferous rocks, along 
with sharks and highly-organised labyrinth odont amphibians. 
In dte triassic strata all the orders of reptiles, except serpents, 
are represented. Birds are found early in the Jurassic sex'isx.. 
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and the lower tertiaries contain nearly, if not all, tke orders 
of mammalia. But these higher types not only appear 
very early, they also peraist for long peiiods alongside of the 
lower types. Thus trilobites are still found in the carboni- 
ferous rocks with the decapod crustaceans mentioned; the 
labyrinthodonts still flourished in the triassic times, along 
with the reptiles; the marsupials, which still exist, commenced 
their career early in the mesozoic series. Among the inverte- 
brates similar cases are found. The classes, crustaceans, 
insects, myriapods, and arachnids, are all found in the carbon- 
iferous, and of the orders of insects several have appeared in 
strata lower than the cretaceous, deposits; and in the shores of 
the chalk sea air-breathing gasteropods of the genera Physa 
and Pahidina lived in lakes and lagoons, over which dragon- 
flies hovered, while beetles {Bupreates) crept through the 
decaying plants on the margin. The orders, then the types 
of structure, are of great antiquity, and those which have 
disappeared have given place to more specialised forms, in 
which, that is to say, the adaptation to particular conditions 
is more complete. But genera are also very peraistent, many 
dating from the early siliu'ians, as lingula, rhyncJumella ; 
and others appear at successive periods, lasting, with little 
change, to the present time. On the theory of the origin of 
species by descent with modification, the early appearance of 
so many highly organised fonns is explicable by their origin 
in pre-existent common ancestors, not by their evolution each 
out of the other. But it is clear that, in the first place, 
this requu*es the earliest plants and animals to have been in 
existence long before the cambrian, perhaps even before the 
laui'entian ; and thus wo should bo without fossil evidence of 
a population as important, and, for aught we know, numeri- 
cally as great, as that of the present time. In the second 
place, there is still greater proof, in the fact stated, of the 
existence of zoological provinces distinct from each other even 
at the earliest times. The provinces, as they existed in 
the later palaeozoic and earlier mesozoic periods, have been 
sketched out, but the consideration of them, of their difier- 
ences from those already given, belongs more properly to 
descriptive geology, in connection with which the relations of 
this triassic continent will be discussed. 



CHAPTER X. 
HISTORY AND DISTRIBUTION OF MAN. 

Diffusion of Man — Unity or Plurality of Mankind — Are Racea Species? 
— Bases of Classincation — Lsuiguage — Form of Skull — Hair: 
Woolly and Straight Haired Races: Melanoi, Xanthomelanoi, 
Xanthochroi, Melanochroi, Negroes, Nesritos — Antiquity of 
Man — Evidence of Antic[uity-— Prehistoric Periods— Stone Period 
— Metallic Age— Primitive Home of Man — Hypothesis of Lost 
Continents. 

430. Difftision of Man. — ^The diffusion of man over the 
surface of the globe, and the permanent footing he has secured 
in all regions — save those polar and tropical localities in which 
cold on the one hand, drought on the other, forbid the pre- 
sence of animals and vegetables in sufficient quantities, or for 
long enough periods, to supply his wants — are sometimes 
referi'ed to as if they were characteristics of man alone, and 
implied an inherent power of adaptation to various external 
conditions. But his history, and the analogy of other animals, 
justify the opinion that this power of endurance and of 
adaptation is an acquisition requiring long time for its full 
development; and even now there are certain limits beyond 
which his skill and energy cannot carry him in the struggle 
with nature. The Bengali and the Esquimaux cannot occupy 
in permanence each the other's country; and though the 
native of tempemte regions has greater tenacity than he who 
is subjected to extreme conditions of temperature, there is no 
instance of the permanence of a race from temperate regions 
in tropical coimtries, in which intermarriage with natives 
and a steady stream of immigrants have not shared in bring- 
ing about the result; whOe the change which the descendants 
of the British colonists in North America and Australia have 
undergone, shows that the permanent occupation of a country 
does not imply the maintenance of the original chai'acter of 
the people. Mr. Bates has given strong reasons for believing 
in the comparatively recent occupation of South America. V^^ 
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tlie tribcH which we speak of as native; but the facility wilk 
whicli the Negro liaa become acclimatised in the same am 
HhowH that the power of adaptation does not depend on the 
If ;lative elevation of a race, the Negro and the Sonth Amezican 
being nearly on the Hiime level. The difficulty of determis- 
ing tlic conditions of the problem is increased by the fact that, 
wiiilc certain anatomical differences can be recognised between 
thf) races in different regions, none of them account for the 
physiological dissimilarities which we know to exist. 

431. Unity or Plurality of Hankind. — Two opposite 
opinions are held i-egarding the origin of man. Aoc(»diiig to 
the one, the varieties which now people the world are the 
descendants of a single pair; the other assigns the Tarieties 
to a j>hinihty of ancestors. The latter view may be set aside 
iUH not resting on suiliciont evidence. The monogenists, as 
the advocates of the former view are called, believe that the 
ancestors of mankind were specially created in one locality, 
and were most jirolmbly a single pair, or that they were 
dev(;loped by evolution out of lower forms, and that they 
were a pair or several, but in either case appeared in one 
locality. It is erroneous and unjust to assume, as is too 
frequently done, that this last view excludes the influence of 
that higher power which is morc conspicuously appealed to 
by the hypothesis of special creation. The hypothesis of 
evolution has been adopted in the case of plants, and animals 
other than man; and it is here again adopted because it affords 
adequate ^explanation of a larger number of phenomena which 
are related to each other as antecedent and consequent than 
does any other hypothesis. 

482. Are Races Species ? Bases of Classification. — ^This 

is not the place to enter into the discussion of the question, 
Are luces of man varieties or species ? Tlie groimds on which 
they have been regarded as sub-species, that is, as presenting 
variations more constant than is usual with varieties, but 
which cannot bo certainly regarded as of specific value, are 
chiefly: (1) that the variations are not univei'sal in each race, 
intermediate forms being found which might be referred to 
other races ; (2) that there is no certainty that any races are 
mutually infertile; (3) intellectually, all the races are so equally 
endowed as to establish the probability of their identity. 
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The characters on whicli the Tarieties are established are, 
the form of the skull, the complexioD, and the quality of the 
hair, points vhich, though not themselves of absolute value, 
nevertfaeleas characterise veiy well the great groups. 

433. Language. — There is no reason to believe that lan- 
guage differed as to its origin from man's other characteristics, 
or that its development was other than gradual. But this 
analogy with physical phenomena leads us to anticipate that 
philology should be an uncertain guide to the original rela- 
tionships of races. 

At the present time, apart from the facility with which somo 
tribes, who have no written language, acquire the language 
of their neighbours or invaders ; apart from the evidence we 
possess that a national speech may be washed over by others, 
so that language alone would fail to reveal the original rela- 
tions ; setting aside also the fact, important though it is, 
that the ultimately dominant speech is not always that of 
the dominant race ; that, in fact, whereas the spread of 
physical characters in the animal and vegetable world is in 
the ratio of the numbers of individuals who present them, 
speech is extended sometimes by the weaker in numbers and 
tenacity — setting all these considerations aside, we find that 
among uncivilized tribes superstition plays an important part 
in modifying the loogiinge, the taboo of the chiefs, and that 
consequent on death or misfortune, leading to the abolition 
of words which are replaced by arbitrary symbols, at least 
(his is the case in Africa. The roots, therefore, of the earlier 
speech are not certainly transmitted ; and their comparative 
fixity at later periods is chiefly helpful in tracing migt&tions. 
In other words, the physical differences between the Aryan 
and Semitic races are less than the linguistic, the distinction 
having been perhaps exaggerated by some such influence as 
that Just mentioned. It will appear, from the subsequent 
paragraphs, that the general statement regarding the westerly 
tendency of nations is true only for the latest dispersion of 
the Xanthochroic races : that a portion of that stock migrated 
towards the south-east, and that the diffusion of that great 
section of mankind has had its movement largely determined 
by circumstances. Thus the westward movement from Asia 
was a necessity, since the east had been e.lT«aA-i tjpaw.^\s^>si 
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the descendants of the people who first tenanted that southern 
continent, of which fragments only survive. Alternate east- 
ward and westward movements are historically known among 
the Mongols. The Malay has spread to south-east and 
south-west. And at the present day the European nations 
are throwing off their surplus population in all directions, 
but chiefly where the indigenous people are not strong 
enough to hold their own, where the climate is not bad 
enough to kill the immigrant within a few years, and the 
soil or native productions are not poor enough to forbid the 
hope of great gain with moderate labour. 

But if the material of language does not give positive evi- 
dence as to the ancestry of nations, its structure has been 
found to indicate their grade of development. Languages 
were grouped by Humboldt as isolating, agglutinating, and 
inflectional ; the simple apposition of the roots, as in the old 
Chinese, being the lowest of a series which culminates in the 
highly complicated grammar of European tongues, in which 
prefixes and suffixes are now merely symbols of particular 
kinds of relation, are merely the faint shadows of words 
which had primarily an independent existence. These words 
have undergone two kinds of change, a logical and a physi- 
cal. The latter, called by MuUer phonetic decay, is a con- 
venient index of the former, or at least of tho extent to 
which it has gone. It must be remembered that what he 
denominates decay, ought on the hypothesis of evolution to 
be called progressive adaptation; for that hypothesis includes 
language among those phenomena which are of slow develop- 
ment and of changing type, while Mtiller staiis with phonetic 
types or roots which he tliinks exist by nature, change of 
which is a departure from the standard, and in his view decay. 
But without accepting the interpretation, MUller*s summary 
of the facts is a useful one, and is here subjoined in tabular 
form, Humboldt's classification being placed alongside of it. 

Mailer. Humboldt, 

1. RR ChincEe r= Isolating. 

2. R+g) § i g+R);J.2 g + R+g);| §> ( = Agglutinative. 

8. rg jl'lgr )^| grg S|f(= Inflectional. 
[4. B+g-i-T {1) Bask and American, polysynthetio. = Incapsulating]. 
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In tl)ia table, R = symbol of a root which has Bufiered no 
phonetic change ; r - symbol of a root which has lost its 
primaiy eignificaace, but without bavii^ undergone phonetio 
change; while g represents roots which have undergone botii 
procesBes, and in respect of their loss of meaning relative to 
the objects wbicb tiey primarly indicated, may be called 
dead or empty, though as the exponents of new relations (for 
they multiply as the life of nations becomes complex), they 
have acquired new vitality. The student will £nd the ample 
discussion of these topics, and of the origin of language, in 
Max MQller's writings, especially the Strati^ation of Latv- 
gtuxges; in Farrar's Essa-i/s; and in the works of Sir John 
Lubbock and Mr. E. B. Tyler, on Primitive Civiliiation and 
PrimUive Culture of Man. 

434. Form of Sknll. — Tlie terms used in the subjoined 
table, as descriptive of the skull forms, have reference to the 
proportions of length to breadth; the length being token as 
100; thus an extreme transverae diameter of 7 inches, with 
a length of 9 inches, would give the proportion, 9:7 or 
100:77-7 = index 'T?.* 

I. BBACHYcipaAua 
Sound SiulU. Cephalic Index '80 or more. 
Bracliistocephalic. Index at or above -85 
Euryccpbalic. „ ., -85 to SO 

II. DOLICHOCKTHAUO. 

Long ShitU. Cephalic Index below SO 

a. OvalShulU. 

Sub-brnchycephalic. Index '80 — -77 

Orthocephalic. „ -77— -74 

Mecocepbftlic. „ '74 — '71 

6. OMong atu(Z», 
MecistocGpbolic. Index '71 and less. 

This mensuration does not give informatiou regarding 
the facial angle, or inclination of the facial profile to a hori- 
zontal plane drawn fivsm the anterior end of the cranial axis, 
which is 67° in the young Orang, 70° in. the Negro, 85° in 
the European. Neither does it tell of that relation of the 
incisors which furnished Betzius 'with the subordinate char- 
" iVaUXoHe Bemaint in Caithnai. Loia% tuA. H.'ialRT.V^*'- 
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actera, ortLognatlious when the canines are vertical, pro- 
gnathous when they are inclined. These features accompany 
any proportion of sknll, the dolichocephalic N^ro, and the 
brachycephalic Mongol being prognathous, the dolichocephalic 
Aryans and the brachycephalic Peruvian, orthognathous. 

435. Hair: the Difltinction between the Woolly and 
Straight Haired Bacea. — XJlotrichous and Leiotrichous, 
trivial as the distintion may appear to be, correspond to 
important differences in character, capacity, and geographical 
distribution. The following table shows the r^ults of the 
application of the tests, skull form, and hair character.. 



DoUchoeepJialic, 



BrachycepkaVc 



iWooly haired, ( Negroes; Bushipeii.- 
Crisp haired, ( Negritos ; Andaman Islanders. 



t vroi«,./>; S Australians ; 

Meianoi, . . { Dravidians ; Ancient i;gyptians. ? 



I 



Xanthochroi, 
Melanochroi, 



JBelg»; Modems. Germans g^dinaviana. 
( and Swiss; Finns; Slavonians. ^^ 

SSilores; Iberians; 
Dark Aryans. 



436. Melanona Baces. — ^The aboriginal Australians are 
among the lowest, both physically and mentally. Their 
prognathous skidls are small and long, the prominent super- 
ciliary ridges are solid. Their skm is dark chocolate- 
coloured; the hair black and wavy; the eyes dark. The 
nose, though broad, is not flattened, and the lips, though 
thick, are mobile, as compared with those of the Negi-o. 
When first known to Europeans, they were ignorant of agri- 
culture, the manufacture of pottery was unknown to them. 
Even in weapons they were deficient, not possessing the 
bow and arrow, those commonest weapons of the savage; 
but, on t&e other hand, they are almost the sole possessors 
of the boomerang, while the Esauimauz share with them the 
use of the throwing stick. With an extensiTe sea-bord, they 
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had very inferior canoes, and only the vcaterti Australians 
had fishing hooks and nets. Their unity of descent ia not 
incompatible with the great dialectic differences 'which 
Friederich Mtiller points out aa separating the tribes. These 
are rather to he expected among people long resident in an 
isolated continent, and grouped in tribea, which a not over- 
plentiful sustenance kept in unceasing hostility. 

The primitive inhabitants of Southern India, the Dravid- 
ians, belong to this physical type. Largely displaced by the 
Aryan invaders from the north-west, they still number over 
32,000,000, a fiith part of the population of India. Five 
linguistic divisions are recognised : Tamil, which is spoken 
over the Camatic and north Ceylon; Telegu, misnamed 
Gentoo, on the east coast; Kannadi, at Mysore; Malayalma, 
on the Malabar coast; and the decadent Talu of Mangalor. 

The people who occupied south and west Europe in pre- 
historic times presented the same physical characters, so far 
as may be inferred from their remains, and were either pure 
representatives of the Metanous group, or were the earliest 
members of that group, the Melanochroi, to which the 
Xanthochroi and Melanoi contributed. In either case, there 
was, on physical evidence, a continuouB band of uniform 
characters from Austialia to western Europe, and it is note- 
worthy that thia hand manifests likewise a remarkable 
uniformity of megalithic structxires from the Penrose Islands 
to Scandinavia, 

437. XanthomelanoUB Bacea. — The north-east of Europe, 
Asia north of the Caucasus and Himalayas, large part of 
the Pacific Islands, and the whole of America, are occupied 
by races which have a yellowish or reddiah-hrown tint of 
akin, dark eyes, and black hair, usually long and straights 
The Asiatic types, inhabitants of the fertile plain of China in 
the east, and of the deserts to the west, the Mongol, the 
Thibetan, and the Chinese, agree in the brachycephalio 
character of the skull, in the squareness of their faces, the 
breadth of the cheek-bones, the usually oblique position of 
the eyes, and their long, Btniight black hair. Some of these 
characters become less conspicuous as we go southwards along 
the east shores of Asia, and in the Malayan Peninsula wa 
£ud a race agreeing in complexion, in coVd'ox t:S. \isJs,wcA\&. 
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featares, with tiie Mongol, and connecting thiit group with 
the inhabitants of the Pacific Islands as far south as New 
Zealand. The Esquimaux or Innuit, in the north of 
America, and with him goes the Greenlander, represents 
the dolichocephalic type, to which the Samoicdes and Tun- 
guses of northern Asia may be i-eferred. Tiiey are of small 
stature, broad faced, dark olive brown, with black hair, and 
the skulls are low as well as long. These latter considerably 
resemble the Mongols, even to the obliquity of the eyes, 
while their language is structurally related to that of the 
North Americans. 

The other inhabitants of the New World, setting aside the 
European, African, and Chinese colonist, agree generally in 
having a complexion which is some shade of brown, or even 
olive ; in having dark eyes and straight black hair. The 
skull is broad, high, and long, the length being greater in 
the northern and eastern tribes than in those to the south. 
The face is broad, and the beard is slight. It is impossible 
to recognise any important physical distinction between the 
native peoples of America. 

The Fuegians are at present the most wretched of people. 
Their chief food is molluscs, fish, which they eat raw, bones, 
and scales, and blubber, when it can be procured, whether 
fresh or putrid. With very scanty clothing at best, they 
and their sucklings are often naked during snowfall. They 
have no pottery, and scarcely any weapons. Tliere is reason 
to suspect that they are brachyccphalic, and tliat the 
difference which exists between them and the other South 
American tribes, may be due to divergence fi-om a common 
stock. 

438. Xanthoohroio Races. — The combination of abundant 
fair hair, blue eyes, and a pale skin, with a shoii; skull, is 
found in the Scandinavians, with a long skull in the Bel- 
gians, South Geimans, Swiss, Finns, and Slavonians. These 
peoples at an early period occupied the centre of Aaia^ 
between the Siberian low grounds and the Himalayas, from 
the confines of China westwards by successive migrations 
till they i-eached the extreme confines of Europe, the shores 
of the Atlantic, while southwards they encroached at inter- 
ral$ on the civilization of Greece and the power of Home. 
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At present they occupy Europe north of the Alps, mingling 
in Bussia with the Mongol, and in Britain with MelanochroL 

439. Melanochroio Baces. — ^From the plains of India to 
Britain, there may be traced along the track of the races 
referred to under Art. 436, a series of peoples ageing in 
that they possess a pale complexion, with dark hair and eyes, 
and for the most part dolichocephalic skulls. These peoples 
occupy Persia, western Asia, and both shores of the Medi- 
terranean, being mingled in France and Britain with the 
preceding stock, which invaded and partly replaced them. 
In former times they occupied Spain, south France, and 
probably large part of western Europe, including Britain. 
It is obvious that this mode of grouping races breaks up the 
Aryan peoples into two distinct groups, the Xanthochroic and 
Melanochroio, and while one division of the Celts belongs to 
the former, the latter includes the dark Celts and the Semitic 
tribes. Mr. Huxley is inclined to regard the Melanochroi 
as an area of population which owes its character to the 
spread of the Xanthochroi over earlier Australoid races. 

440. Negroes, Negritos. — From Tasmania by New Cale- 
donia, Papua, and Madagascar, a broken line of Ulotrichous 
peoples may be traced, and on the other side of the Mozam- 
bique Channel the same type extends over Africa south of the 
Sahara. But again, in Africa, as in Australia, the antiquity 
of the continent, and the isolation of its people, have given 
rise to great diversity in speech, the dialectic varieties being 
numerous and important. The woolly hair of the Negro is 
evenly distributed over the head, and, taken in conjunction 
with his black skin and prognathism, which gives his thick 
immobile lips remarkable prominence, gives him an aspect 
which is more characteristic than that of any other stock, 
the oblique-eyed Mongol alone excepted. The Negro is a 
cultivator of the soil; within the last few himdred years he 
has acqtdred the art of dealing with metal : his weapons are 
the spear, bow and arrow, and are always carefully made, 
often elegantly finished and ornamented. 

The yellow-skinned Bushman has his hair disposed in locks, 
not imiformly distributed. Inferior in size and strength to the 
Negro, he also occupies a lower place as regards his civilization. 

The Negritos of Tasmania were dark^ i^to^s^s^^;^<:s<(^> ^ss^ 
23 - 
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dolicliocci>lialic, wLile tlieir fiizzly hair sepamted tliem from 
the Aiistmlian. Their civilization was even lower than that 
of the Australian, since thej had no canoes, very imperfect 
fishing apparatus, and not even the throwing stick as a 
weapon. The Papuan, as described by Wallace, is of a sooty 
brown or black, nearly but not so jet black as the Negro. 
The harah, dry, tufted hair-j at first in short curls, forms in 
the adult a thick mass projecting from the head. The nose is 
prominent, broad, but not flattened. Apart from the volatile 
restless energy of the Papuan, characters in which he con- 
trasts with the Malay, the distinctness of the inces is evidenced 
by the fact that members of the Negiito stock now form the 
population of the interior of many of the islands, and stand to 
the Malay of the coast in the same i-elation as the Dnividian 
to the Aryan, save that the antagonism between the former 
two stocks is greater, and has resulted in the more depressed 
state of the earlier people, di-iven into the fastnesses of the 
island for safety from tlieir conquerors. 

441. Antiquity of Man. — What was the date of man's 
first appearance, it is impossible to say. In Europe, human 
remains ai*e found under circumstances which prove him to 
have been the contemporary of the reindeer, elk, rhinoceros, 
mammoth (£lep/ias prinUgenitui), and other animals which 
are now either extinct, or are the characteristic inhabitants 
of other regions. Thus the west of Eui'ope was already 
occupied by man long before the Xanthochroic races spread 
from central Asia. At Hoxne, in Suffolk, flint weapons 
have been found in a deposit which lies on a hill slope, 
and which is evidently the remainder of a formation largely 
denuded dui'ing the excavation of the adjacent valley, thus 
indicating a remarkable change in the physical features of 
Siouth England since' man fii'st occupied it. At pi-esent, the 
earliest indications of man are preserved in the deposits 
formed duiing the amelioration of climate after tlie glacial 
period. , Of miocene man there is no certain evidence, neither 
can it be held as demonstrated tliat in America he co- 
existed with the mastodon. But, beai*ing in mind what has 
been said in jirevious chapters, the student will see that if 
man lived in central Europe, in the valley of the Somme, 
yfhen iqo Qovei'ed the river for » lai^ge part of the year, there 
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is no rerjiion to doubt, from the analogy of other animals, 
he must have lived elsewhei'e at earlier periods. What that 
locality may have been, we shall immediately enquire. 

442. Evidence of Antiquity. — The evidence requisite to 
prove man's co-existence with extinct animals is: — 1. The 
association of the remains of both in undisturbed deposits, 
under circumstances which leave no doubt that both had 
been laid down simultaneously. 2. The absence of rolling, 
or those signs of friction which would leave no doubt that 
bodies so soft as bones had been transported for some distance, 
and might therefore have come from more ancient accumu- 
lations. 3. In the case of articles of alleged human manu- 
facture, the appearances must be such that no accidental 
fmctures or other markings could be supposed to coincide. 

443. Prehistoric Periods. — Successive epochs of man's 
history are recognised by the chai-acter of the weapons he 
employed. Three principal epochs are: the Stone Period, 
the Bronze Period, and the Iron Period, the matei'ial used • 
coiTesponding to the progress he had made in civilization. 
But these periods, like those of the geological tables, are only 
true for each coimtry, or each i-ace; they do not mark the 
same chi'onological stages for all. Thus the Esquimaux is 
at the present day in the stone period, while the Hottentot 
hiis reached the iron, and these unequal grades are found 
close to a higher civilization of European origin. Nor is the 
material necessarily a guide to the degree of civilization, 
since weapons of the stone age type have been found in 
America fashioned out of copper, which was easily wrought, 
but was not used as a metal. 

444. Stone Period. — Stone weapons of a rude kind are 
found associated with the extinct animals above mentioned; 
while more elegant and beautifully polished weapons of 
flint and other kinds of stone wei'e carefully prepared at a 
later date. The periods at which these weapons wcix3 in 
common use are distinguished : the earlier as the palaeolithic, 
or archajolithic, or diift period, the later as the neolithic or 
polished stone period. The localities in which palseolithio 
remains ai'e found are limited, and the men who used these 
primitive tools must have led a life similar to that of the 
Esquimaux, The river gi'avels, or drii^ <st o^sia^isCTssbar^ 
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deposits, the early bone caves, the kjokkenmbdJings or shell 
mounds of Denmark, and the lowest portions of the peat- 
mosses have yielded the chief remains of this early age. 
These primitive races were, unlike the Esquimaux, without 
domesticated animals; yet in some localities, as in Perigord, 
the designs roughly carved on their instruments show some 
artistic sense. The palaeolithic men seem to have been con- 
fined largely to the river valleys, and to the vicinity of the 
sea, from which food could be more easily obtained, in which 
it was also mora abundant than on the land. 

The neolithic age was that in which the tumuli or ancient 
bui-ial mounds were formed, the Pfahlbauten or lake dwell- 
ings of Switzerland were erected, the shell mounds were in 
part collected, and in which the later cavemen lived. The 
celts (Lat. celtis, a chisel) are most frequently of flint, but 
other kinds of stone wera used, kinds which are not known 
to exist in some of the countries where the wrought speci- 
mens are found. Thus jade in Europe, mica in the Mississippi 
valley, repi*esent probably barter, and suggest that the tribes, 
which thus obtained more valuable mateiials than those at 
hand, had already attained some mercantile sagacity. The 
monuments already referred to, as also showing, like the 
stone instruments, uniformity over a large part of the earth's 
surface, are the menhirs or standing stones, cromlechs or 
stone circles, dolmens or stone chambers, and tumuli or bar- 
rows of various kinds. These last belong to two distinct 
types, long and round, and the slnills differ according to 
the form of the barrow, thus 82 per cent, of long barrow 
skulls had a cephalic index of 'S3 to *73, while 63 per 
cent, of those from the roimd barrows were brachisto- 
cephalic. The lakemen of Switzerland belonged to two 
periods, those of the neolithic having left most abundant 
remains in eastern Switzerland, the west and central districts 
containing the habitations belonging to the bronze period, 
while those of the iron period are represented only on the. 
lakes of Bienne and Neufchatel. Cmnnoges, as the pile 
dwellings of Irish and Scotch mosses are called, are found 
mider circumstances which suggest that this mode of securing 
cattle may have been adopted in later troublous times, but 
the majority are prehistoric constructiona. The existing 
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equivalenta ere the platform dwellings on. the Orinoco, and 
in New Guinea. It is not possible to determine the i-acea 
of tbe neolithic period in Europe; but as we approach the 
later part of that epoch, it is noteworthy that the fli» of the 
weapon handles increases, indicating a corresponding differ- 
ence in the manufacturers. The shell monnds of Denmark 
and west Scotland commence in the earlier part of the neo- 
lithic period, and extend down to the bronze, while the 
Tasmanian and Fuegian have within historic times prepared 
exactly similar piles. 

44C. Hetallio A|^.— The gi-adual uuelioratioa in the con- 
dition of the early £urop3ans, shown by the discoTeiy and 
increasing dexterity in the use of metals, by the introduction 
of domestic&ted animals, and by the greater attention to agri- 
culture, presents a history far too complicated to be more 
than alluded to here. The mnge and importance of that 
history may be inferred from the change of meaning vhereby 
Max Milller shows Aiyan roots indicating copper were trans- 
ferred to iron, and the word which originally stood for fir 
became gua^eui (oak) while the Greek word ftiyos (oak) is 
represented in iktin by Jaffut (beech); theee terms, taken 
in the order mentioned, corresponding to the order in which 
the trees succeed each other from below upwards in the 
Danish peat mosses. Hesiod tells of a period when copper 
only, not iron, was used, and alludes to a time when weapons 
did not exist; that is, when metals were imknown. The pas- 
sage, therefore, from the stone period to the epoch of Greek 
civilizationmay have been witnessed bythose whose traditions, 
slowly accumulated, constituted the mythology of early Greece. 

446. FrimitiTe Home of Man. — It is clear, then, that man 
had occupied Europe long, we know not how long, before 
that period the tradition of which represents the human 
family as diverging from central AbIo. That dispersion was, 
in fact, ^e latest event in the history of tbe race. If our 
inter|T.;tation of events in the paleolithic age ia correct, we 
have evidence of a mode of life not higher than that of tho 
i>qiumanx, while eveiy succeeding epoch ^ows some im- 
provement, some sign ^ prt^ress. To the question, Did a 
higher civilization exist at any other part <^ the earth's 
surface 1 it is imipoBBible to reply pontivelf. YoUse-h^^-v^ 
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the line of argument adopted in the previous chapter, the 
dispersion of tribes from a common centre must coincide with 
changes both in the travellers and those who remain; and 
change means progress in the case of man. If, thei*efore, wo 
find that man in western Europe had not at first i-isen beyond 
the conditions of the Esquimaux, it is fair to ask, how low 
in condition was he in his primitive home 1 or had he retro- 
gi^ed ] The student must, in all such inquiries, bear in mind 
that rctrogression is an uncertain phi'ase; that the Englishman 
who sj^ends a winter in the Arctic region retrogrades, inas- 
much as his habits are no longer tliose of his home, but 
suitable to his surroimdings; thus he adopts the custom of 
eating his food raw, that being appairently most conducive to 
health. It is open to doubt whether man had not reached 
Europe before the glacial epoch, and whether the river-gravel 
folk were not, like the reindeer, driven back from their more 
northern homes, carrying with them the customs and habits 
suitable to a rigorous climate. On their retreat northw^aixl 
(for their extinction at tha<r period is an unnecessaiy assump- 
tion), they were seemingly overlap2)ed by the advancing wavo 
of bi-achycephalic men of the bronze age, and thus the pi-ogress 
of western Europe was made up of that which might result 
from intelligent efforts to deal with surrounding diiliculties, 
and of that which was boiTOwed from the invaders. For it 
must be remembei^ed that man passed through regions of 
unlike conditions, and his experiences thus varying, his 
inventions and discoveries would likewise vary. Tlio flint 
aiTOAV-head was tied on the shaft as the shark's tooth, from 
which it was copied, was tied on, and the spi-cad of this 
pattern over inland America is, like the exchange of copper 
and shells between Lake Superior and the coast, another 
evidence of the early intercommunication of these primitive 
folk. But when the compai^ativo facilities for migration 
offered by Europe and America did not exist, there man ^va3 
arrested, so to speak, in his intellectual development. His 
needs wei-e, in die tropical islands, easily supplied; and, in. 
the absence of competition fix)m without, excessive popula- 
tion would be chocked, as at the present day in the Pacific 
and Fuegia, by killing the children and the aged, while the 
dominant ^mil^ or families are protected from starvation by 
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the taboo which they lay on the cocoa-nut tree, which ther^ 
after it is a capital ofl'ence to touch. Other things being 
equal, the occupants of an isolated country might be expected 
to have more and more rarjed appliaocea, if they had tra- 
velled to it, than if they were isolated after long residence 
there. The AnstraiL-m and the Tasmanian are feebly endowed 
with the appliances for physical comfort : the more migratory 
Kegrito, in addition to the necessity imposed on him by hin 
changes of place, was brought in contact with other tribes, 
and profited by the contact; hence civilization ia greater 
among that stock nearer the equator than it is faither south. 
If the student follows up this suggestion, and compares the 
condition of different peoples, he will find i-oiison to believe 
that while in all oases a tendency to improve has been shown, 
and while in very few cases has tliia tendency failed to pro- 
duce fruit, the amount of improvement depends chiefly on tiie 
necessities imposed by the surroundings of each nation, and 
thus we have many different stages representing the condition 
of the people when they first I'eached localities that did not 
cultivate Uieir inventive powers. 

447. Hypothesis of Lost Continents in Soathem Hemi- 
sphere.— It is clear that, unless the palseolithio men were 
created in western Europe, they must have spread from some 
centre which lay beyond the limits of Europe, and which lay 
to the south of Asia. The Australian is cut off trom his 
Dravidian kindred by the Negritos, which stretch from New 
Caledonia round by New Guinea, across the Indian Ocean to 
Miuiagascar. Tho Malay has moved south-eaatwai-ds, if we 
take language as the guide, for the Arabic element disappears 
in tliat direction; but did he not firat remove northwards? 
Thci-e ia abundant physical proof of elevations and sub- 
siJeucea in that gi-eat ai'ea which lies between Africa and 
8. America, in tho middle of which is Australia, a fragment 
of a continent homomorpldc with the other two. Tho Tua- 
maniiin ia a Negrito who cannot have reached Lis present 
home by sea, else the tradition of his canoe would have 
Bun'ived, nor was there any system of slavery, before the 
Europeans arrived, by wliich the process of wansplanting 
might have been efiected. The reasons for asserting the 
eiiateace of continuous land in tho Southei'n Ocewi, "!*. ^ 
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geologically recent period, were stated in last chapter : from 
this land, now to a large extent submerged, man probably 
spread on all sides, not necessarily in every case over con- 
tinuous land; for navigation undoubtedly had an early 
shai'e in the dispersal of tribes. The Australoid and the 
woolly-haired races may be regarded as presenting the two 
earliest divergences from the common stock, the latter, how- 
ever, reaching sooner to the limits of their progress than 
the descendents of the former. The distribution of the 
woolly-haired peoples is singularly close in its parallelism 
to that of the marsupials, lemurs, struthious birds, and 
anthropoid apes, the S^ara sea having apparently cut them 
off entirely from contact with the primitive dolichocephalic 
(probably Melanous) races of the Mediterranean shores. The 
community and diversity of characters between the Mongol 
and the American are intelligible on this hypothesis. The 
Malayan ty])Q does not api)ear in southern India, the lines 
along which the tribes travelled being thus so far parallel, 
not coincident. The glacial period doubtless suspended the 
spread and development of man during a considerable period 
prior to his advent in western Europe. To the period of 
olimatal improvement we ought probably to assign that later 
dispersion from central Asia which flooded India with pale 
faces, whose influence is manifested in the mixed stock, 
the Mclanochroic, by which Dravidian tribes are isolated. 
To this time perhaps belongs the Malayan reflux which has 
given so great uniformity to the Polynesian area. It is clear 
that the terms, Aryan or Indo-European, are suggestive of 
theories on which we cannot decide, for the Xanthochroi 
may bo primarily derived from Asia, east and north of the 
Himalayas, and Indo-European may thus be only true, in 
a secondary sense, for their Melanochroic descendants. Be 
this as it may, the fact is that, while the Xanthochroi ai-e 
not traced beyond the Himalayas, the Melanochroi — all those 
peoples with whom religion, science, and art, have attained 
their earliest and greatest development — all those people to 
whom grand conceptions, whether in cyclopean masoniy, 
or in gigantic empii^s, seem natuiul— extend to the shores of 
the Indian Ocean. 



COMPARATIVE TABLE OP FAHRENHEIT AND 
CENTIGRADE DEGREES. 

Boiling point on the Fahrenheit scale is 212% or 180** F. above the 
freezing point (32^), and as boiling _point on the Centigrade scale is 
100** above 0% it follows that 180" F. are equal to lOO^'C, that is, 
d'*F. are equal to S^'C. The result may be formulated thus :-^ 

?5E!?«il2L5 = Degree. C. 

•I 

But as the Fahrenheit scale commences 32" F. below freezing point, 
the Fahrenheit scale may be reduced to tiie Centi^prade, or Centigiade 
to Fahrenheit, thus : — 



(1.) 



(2.) 



S(Temper>tareP.-3y) ^ Temperature 0. 

Ex. : g<gS'g-3y) = i2rC. 
9TemperatareC.+3y ^ Temperature P. 
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form of Boot, 107 : dapoaiu In. IDS ] 


j.h.dic^ffi'; .]uJiJiMc|,liBlic, m: 




of, 112, 1S«, WO; laulDoUtj of, 118; 


profplitlilBn. Jl'.i ■ MetBDOU. 330; 


deiuitjr at tntHag point, lU, aifl. 




0S2; UaltiiDchivic, ;i:>3; Nugro, 3^3; 


OiLil, Eoomtridiir of EuUi'i, 17; InDB. 






]«.[<£ or, 360. 


Oaat, ;*j. 


Unmioni. a«or. 103. 




Maur^'iThaorrorCnmnti. SSS. 


PACino,I.knd.,«;M«B,102;imindlni;. 


llHlltarnDKiD, 103; aoiiudiiigi of, 100; 


of, 107; diifl. 132; wind* of. Wi: 




no<aof,3U,3«0. 


131); wliid. of, 281. 




wAnocbroloiiMW.353. 




Mal.1*^, 8*. 




HauM/.aM. 


?«lsaftllaii,li!i,1!a,1!». 
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Pei-nvinn Cnnent, 132; foja, 2C0. 

rdtruleuiu, 100. 

PrahlbauteD, 35G. 

Phosphorescence of 8eft, 113. 

Physical Geography, its Ba>i)e, 0-12. 

Pitch Lakes, 172, 190. 

Plains, 93: of doi)osit, 93: of denudation, 
04: 6alt, 165: alliiTlal, 177. 

Planets, Disturbing Influouco of, 18. 

Plants, Eraporation from, 106; species, 
SIO: useful to man, 32;{. 

Plasticity of lea, 217. 

Plateau. 01; of Asia, 02; Europe, 02; 
Africa, 02 ; America, 03 ; volcanic, 
04; ThibeUn, 02, 161; suuthorn lu- 
dia, 102. 

Po, Delta of, 00. 

Polarization, 263. 

PoMers, 09. 

Pollution of Water, 180. 

Porphyry, So. 

Port.age of Rivers, 152. 

Port, Establishment of, 122. 

Prairies, 98. 

Prehistoric PorioJ, 355. 

Pressure of Water, 112; of aqueous vx- 
IMur, 105, 210; influeuce uu fn^^ug 
lH>int, 210. 

Pressure of atmosphere, 230;- relation to 
storms, 274; iuflueuce ou dimato, 
2S9. 

Priming of Tides, 122. 

Prognathism, 349. 

Provinces, Botanical and Zoological, 
non-coincidence of, 322: aquatic and 
stibaerlal, 322; how determined, 324; 
biological, unequal, 826 : Solater's. 
320; iieotropical region, 327: Ethio- 
pian, 327; Indian, 328; Australian, 
828; Pahcaivtic, 320: marine, 324, 
339: N. Atlantic, 839; Caribbean, 
840 ; Indo-Paciflc, 840 ; Austioliau, 
811; Western S. America, 841. 

Pyrenees, 80. 

QUAQu.WEnsAL Watershed, 139. 

Il-\CF.a of Man, 840; Dallchocephalic, 340; 
Jlrnchy cephalic, 349 : MeUinous, 350 ; 
Xanthnmelanous, 351 : Xanthochroto, 
852 : Melanochroic, 353 ; Negro, 353; 
Negrito, 353; Celts, 353; Aryan, 353, 
800: Semitic, 353: Malayan, 351, 300; 
Polynesian, 853 ; DraTidlan, 351, 
359. 

Badiation, Solar, IS, 115, 214, 215; Ter- 
restrial. 243-245. 

Hiiinfall. 201. conditions of. 204: depend- 
ent on winds, 205, 207; affected hj 
high grounds, 205; not incessant, 206; 
Affected by vegetation, 207: from oIe«\r 
sky, 208; perio<lic, 208,^ 2itSii TadAble 
ami constant, 208; 




Rainbow, 2:>2: lunar, 203. 

Rain, 203-211; comiMired withsno^, 213. 

Rainless R^gjons, 98. 

Rainy Days, number of, 200. 

Ramsay on Lakes, 29, 160, 175. 

Rapids, 150. 

Red Boa, 102; temperature of, 115; car- 
rc.its, 135: winds of, 267. 

Refi-action of Light, 203, 251; of Sound, 
256. 

Regelatioi^ theory of. 217. 

Renuel's Current, 129. 

Resemblances, proteokiTe and independ- 
ent, 334. 

Rhone, Delta of, 07. 

River Gravels, Human Remains in, Si^ft. 

Rivers, Origin of, 71, 143; courses affected 
by disturbance, 148; motions of, 144; 
speed of, 145; slo^ie of chanuol. 145; 
limit of denudation by, 147; sedi- 
nioutfl in, 147; divisions of coarse, 
149; deltas of, 95-07, 150: portage of, 
152: American, 153-155; Pacific ^ope, 
164; European, 156-150; of Britlsli 
Islands, 157: African, 159-161; of 
Asia Minor, 161; tabic of principal, 
163; Asia, E.islern, 163; Aostralian, 
164; continental, or of inland drain- 
age, 165: uudergi-ound, 190; con- 
trasted with glacier, 223. 

Roaring Forties, 263. 

Roches moutonnees, 231. ( 

Rocks, Grouping of, 24 ; mechanically 
formed, 26-28; sediraeniary, 26; 
loolian, 2S: Subaerial, 28; chomicallj 
formed, 28; calcareous, 28: siliceoiia 
8lnte», 20: salt, 20; organic, 29; cal- 
careous, of organic origin, 29; carbon- 
aceous, composition of, Dr. Percy's 
table, 81; hypogeue, 33; porosity of. 
180. 

Rocky Mountains, 84. 215. 

Rotation of Eaitb, Influeuce on Currents, 
259. 

Sahara, 02; springs in, 182. 

Salt, Rock, 29; proportion of in water, 
110; in Dead Sea, 110; phuns, 165; 
lakes, 175. 

Samiel, 278. 

Sai^;a«so Seas, 131, 132, 259. 

Scandinavia, Mountains of, 70. 

Schists, varieties of, 33. 

Sclater's Provinces, 326. 

Seasons, N. and S. Ueiuisphere, 2$0. ' 

Sections, true only for locality, 21 : com- 
parative in Britain, 21; Scotland, 22. 

SedimcnLiry Strata, formation of, 85; 
disturbances of, 80 ; curvature, 45 ; 
unooufomiity, 40 ; faults, 46. 

Sediments, their arrangement, 88; In 
rivers, 147. 

Sainuio Movements, 808. 

8eIec|ioi|, oatora) aMd artifloislf 83S. 



INDEX. 



367 



EJolvns, OS. 

Seri>entiiie, "(. 

8haUs, oil. 32. 

SluxnU, 09. 

Skull. Pi-oiK)rtioni of Human, 3-ID: index, 
3l'.>. 

Silicemu Springe, 181;' deposits of, 29, 
100. 

Riluriuns. nnconfonuities in, 48, 62. 

8imtx)i.i, 277. 

birocco, 200. 

blato, 34. 

Bnow, 212; cryiitAls, 212: flAko, 213; tex- 
ture aiiit colour, 213; cuuiiiared iirith 
rain, 213; limit of perputoal, 213; 
converted into ice, 21 s. 

8oil8, saturation of, IbO; evax)onition 
from, ItKJ. 

RoUticeji, 280. 

Sound, Analogies of, 24S; vrnxca of, 240; 
Telocity of, 264 ; in difldrunt aab- 
•tances, 255; intensity of. 255; refrac- 
tion and reflection of, 25d; reaonauoe, 
256. 

Soundings, Dcop Sea, S3; Low taken, 103; 
Atlantic, 101; Mediterranean, lOG; 
Indian Ocean, 107, 150; Paciflo, 107. 

South Connecting Current, 132. 

Spuifi, Mountains of, 71); springs of, 1S7. 

SiK-cies, Ongin by roodlQcatiun, 325; va- 
riation of, 825; analogous or repre- 
sentatiTe, 830,335; migration of, 330, 
335: results of, 332; influence of cli- 
niute on, 322, 331; distribution in 
siiace and time, 333; vadatiuufl bene- 
ficial, 33 i ; mimicry, 334 ; resem- 
bLinces of honiogenetic and homo- 
plastic, 334; poiagio, 341; extinction 
and replacement, 842 ; i^ersitttent 
types, 842; progressive develupuient, 
843; liarraude's colonies, 43, 343; 
man, 346. 

Si>ccific Centres, 325. 

s|)ectruni, 252; absoiption bands, 252. 

Springs, ITS; origin of, 178; saturatiuu of 
s«>il by, ISO; conditions of their ex- 
istence, 181; their >iuld, 183; of Sa- 
hara, 182; mineral and thermal, 184; 
siliceous, 1^4; calcareous, 184; tem- 

tieratnreof, 181; at Yellowstone, 185; 
'Injjlish thermal, 1S<5; ferruginous, 
ISO; intermittent, 187, 314; periotUc, 
187; of Fx-ance, 187; of Spain, 187; 
liiBchof's classification of, 188; of 
Auvergno, 188; petmleum, 100; rela- 
tion to volcanoes, 313. 

Steppes, 97: Pamir, 92. 

SUrnis, 273; rotatoiy, 374; velocity and 
area of, 276; tornadoes, 274, 277 ; ty- 
phoons, 274; cyclones, 210, 274; pres- 
sure during,274; waves, 276; dnst, 277: 
magnetio, 280; hail, 287; t^uuider, 
9St* 



Stratification, 53-41. 

SU-atus, 200. 

Streams, 124; GtUf, 126; beneath glacier. 

229. 
Strike, 44. 

Subsidence and Elevation, 815. 
Subterranean Movements, 71, 315. 
Surface Wash, 22a. 
Sun-ival of Filtist, 333. 
Syenite, 84. 
Synoliu?, 45. 

Tasmaxian, r.r»3. 

Taurus, SO, 101. 

Tehuantopeccr, 266. 

Temperature, underground. 15; of ocean, 
112, 290 ; of Mediterninean, 114, 115; 
of Atbntio, 114, 126, 128 ; of Indian 
Ocean, 115: Red Sea, 115; and depth, 
116: of Gulf Stream, 126; in Atlantic, 
126; of springs, 184; and densily of 
freezing water, 215; of atnio«phoro, 
240, 243, 245: dccvenso with heijcht, 
240; relation of, to latitude, 284; 
Dove's law, 285. 

Tlicmml Springs, 184. 

Thibetan Plateau, i/2. 161; people. 351. 

Thomson, James, on Glacier Motion. 217. 

Thomson. Sir W., on Geological Time, 
16 ; on internal heat, 311. 

Thunderbolts, 283. 

Thunderstorms, 282. 

Tides, 121; priming and lagging of, 123; 
spring, 122; neap, 122; co-tidid lines, 
124. 

Till, 233. 

Tornadoes. £74, 277. 

Trade-winds, AUautic,2C0; IndLin Ocean, 
266. 

Tramuntan.n, C6I. 

Trachyte, 35. 

Trai». contemporaneous, 49 ; intrusifo, 
49, 304. 

Tundms, 99. 

Turkestan, winds of, C70. 

Twilitjht, 251. 

Typhoons, 274. 

ULOTRicnous races, 2Z0. 

Unity and Plurality of Man, 3 16. 

YALLT-ri-H, formation of by rivers, 72; 

tranaver^e and longitudinal, 78, l:(9; 

forms, 74; sul>mergod, 75; of Kng- 

l.ind, 88, 139; autiquitv of, 139; 

obliterated, 150; of subsideneo, 172. 
VaiK)ur, aiiueous. 195; pi^essuxe of, l!»5, 

240; condensation of, 190, S03; trans- 

port of. 203; influence on temiiera- 

ture, 243. 
Vegetation, influence on rainfall, 207 ; 

influence on climate, 291. 
VarUttoD of Speoiefl, ;^25; boneflcU^ S84. 
Yvivaut, 189^ 
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Vibntloni, lee WattL 

Yolcuion, SI'S; lusuUr, 07, 60: Buiteriali 
emitted fron, 318; stnietareof eonet, 
299; ashoB of, 800; lartb, S99: domumt 
and exUuet, SM; dktrilmtloik of, S(M; 
aiid esrtbqoftke*, mnm of, Sll; oon- 
Dcctioo of with oown, 8lS; periodi- 
city of, 815; inflMBM of Boon, 81A. 

Waete, we IkHudatUui. 

Water, cycle of, 100; conteMt«d with air, 
100; proportion to Innd, 102; BpedUlc 
SnTity, 109; uudytis of. 109, 174, 
188; preonre or 112; fhsezing point or, 
112, *J16: qjMciflo heat of, 113; coloar 
of, 116: transparency of, 117: move- 
ments of, 118; functions of, 18G; sub- 
terranean, 178; in atmosphere, 194; 
iu clouds, 201; colour of. 116. 

WaterfaUs, 160. 

Watershed pr Waterparting, 130; qua- 
quavenal, 139. 

Waterspouts, 277. 

Waves, Defliiition of, 118: in water, 118: 
force of, 120: height of, 120; raised 
by wind, 120: of transLition, 123; 
flodd, 145; of heat, light, and sound. 



249; of ether, S&O; storm, 1^76; caith- 

quake, 808-310. 
Woaldeii, 818. 
Waather, 284 ; prognofttics, 295 ; iuflu- 

enco of moon on, 2()5. 
Wella, ArtesUn. 181, li$3 
WUriwIiidt, 277. 
Winda, oanse of currents, 125 ; afTccting 

yainfall. 205, 207; Korth Atlantic, 

SOO: trade, N. £., 200; S. K., 204; 

Mediterranean, 201; Africa, 261, 2r>«>; 

Nortli America, 204; Bouth America. 

265; Indian Ocean, 266; Red Hvn, 

267; Turlve»tan, 270; land and itxi, 

272; velocity of. 272; table, 273; bi- 

nioom, 277: saiaiel. 277. 
Woolly-haired Races, 350. 

Xaxthociiroio, 859, 
Xanthometanot rooaa, 3U. 

TsLLHWitovE Talliy springs, 1S5. 

ZAMBKai, Falls of, 151: river, 100. 
Zoology, Relation to Fh3>slcalGeo(;nip1iy 

9. 
Zoological Frovinces, 322. 
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